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DESCRIPTION OF THE WOOD-CUTS. 



(Fig. 1.) This is the most simple form of single cell apparatns. It consists of an outer vessel 
which contains a saturated solution of sulphate of copper, and some undissolved crystals of the 
salt suspended at the upper part of the solution ; in this the medal to be coppered is placed* 
The inner vessel here represented, is made of porous earthenware, and contains the dilute acid, 
and the rod of zinc, which is seen to be connected by a wire to the medal. The inner vessel may 
be changed for a glass tube drawn to a capillary point, or any other porous apparatus, suitable 
to different cases. (108,) (110,) (114.) 

(Fig. 2.) This is another form of simple apparatus. It consists of a square box containing the 
sulphate of copper, and an inner one containing the inner glass vessel, the mouth of which is 
closed by bladder. This contains the acid and zinc. To those who prefer the single cell appa^ 
ratus, this form is the best, for every part of the apparatus is well suited to perform its respective 
function. 

fFig. 3.) The battery that is here represented (A) consists of a piece of platanized silver iit 
the centre, to which a binding screw is attached to allow the wire (S) to be connected with the 
positive pole of the decomposition apparatus, which consists of a sheet of copper, to be dissolved 
during the action. The zinc is in two pieces, which are connected together by a binding screir 
to allow connection by another wire (z) with the negative pole (n), or in other words, to the plate 
to be manufactured. The precipitating trough (B) is a flat parallelopiped shaped vessel, con* 
taining at the top two pieces of metal, which afford conveniences for the attachment of the wires 
and poles. The single battery apparatus is applicable for silver, and all other metals having a 
greater affinity for oxygen. 117, 120. 

(Fig. 4.) This is a similar apparatus to the last descrlt>ed, with the exception that tie precipl* 
tating trough is horizontal.S^This form of apparatus should be always adopted where the depo- 
sition is required to take place with great rapidity. The plate or object to be copied is placed a* 
the bottom of the vessel, and is connected to the zinc of the battery by the wire, whilst the 
piece of copper is put from half an inch to an inch above it, and is connected to the ziac of the 
battery. 

(Fig. 5.) Mason's arrangement, by which one equivalent of zinc reduces two equivalents of 
copper. (A) is nothing but a simple cell, similar in every respect to fig. 1, except that the zinc 
instead of t>eing at once connected to the medal in the sulphate of copper, is joined by means 
of a wire, to a medal, in a solution of sulphate of copper in the precipitating trough (B^ . The 
medal in the first vessel or battery vessel (A) is connected to a piece of sheet copper in the pre- 
cipitating trough (B) which forms a positive pole to the second ceil, and thereby completing the 
series. The electric current would thus pass from the zinc in (A) to the medal in (B), where 
metal would be reduced from the solution, an equal weight of the plate of copper would be 
dissolved, and the current would then pass back to the medal in the first vessel (A).; there reduce 
the copper from its sulphate, and thus complete the circuit. 121. 

(Fig. 6.) This wood-cut is intended to show the mode of arranging a number of medals ; the 
battery (A) is the same as that described for (fig. 3 and 4). The precipitating trough (B) is the 
same as (fig. 1). The medals are seen to be connected to the bindingscrew of the zinc of the 
battery, whilst the piece of copper to be dissolved is joined to the platanized silver. This form 
of apparatus is suitable for making a number of medals at once of any size. A bar is fixed 
across the top, which is connected with the zinc of the battery ; on this the wire of each medal 
is hung, and in this way each may be removed separately for examination. 

(Fig. 7). The compound battery apparatus is here given. The battery (A) is an ordinary 
mapy-celled porcelain trough, containing a compound platanized silver battery ; the number of 
cells required, will be A-om three to twelve cells. A wire joined to the silver of the battery is 
connected with a fine platinum wire, and the operator regulates the quantity of electricity by the 
distance this is immersed in the fluid ; (Z) is a wire connected to the zinc of the battery, to be 
connected to the negative plate, 119, 116. The precipitating trough (B) in this instance, is a 
vessel to be gilt, but this apparatus is absolutely essential to all metals which require a platinum 
positive pole, and therefore it must be used for the reduction of gold, platinum, palladium* 
nickel, &c. 
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CONCLUSION. 




AST summer I was requested to write an epitome of 
the electrotype, a task which I was most unwilling to 
undertake. Upon being much pressed, however, I at 
length consented, solely on account of my conviction of 
the necessity which then existed of investigating the 
subject experimentally. I a<^co^dLUgly entered upon my 
task, and as soon as I had satisfactorily developed the 
laws regulating the precipitation of the metals, I found 
that the isolated fact of the reduction of copper, was but 
one of an extensive series of facts, all of which were 
regulated by the same laws ; and instead, therefore, of 
having before me, simply the electrotype, as the boundary 
of my labours, I found myself embai-ked upon a new 
and comprehensive science. The laws above mentioned 
led to the various new applications which are interspersed 
throughout this volume. Many of them I had originally 
thought of patenting, but upon second consideration I 
determined to throw the laws and principles open for the 
benefit of the arts and manufactures of our great country. 
The application of these laws and principles are fully 
detailed, and if they tend to further that great object, it 
will indeed be an ample recompense for all my labours. 



Every tiling tbat is new in this treatise is given freely to 
tlie manufacturers of tliis country, and I may mention 
that every thing which I have hitherto invented or im- 
proved upon, lias also been in a like manner thrown 
open. 

The scientific man in England has neither to expect 
remuneration from an Emperor, as the Russians have, nor 
from the Chamber of Deputies as the French have, nor 
can he look forward to those honors and distinctions 
which are conferred upon illustrious Germans. For 
what then does he labour? It is solely for the sake of 
science, and he is contented and satisfied with developing 
new scientific truths, or promoting tlie prosperity of our 
national manufactures. 

The plan upon which this work is arranged, is that 
which I considered would prove most serviceable to the 
practical man. A brief epitome of galvanism is here 
subjoined, because the science of electro-metallurgy is 
radically founded upon that principle, and therefore 
absolutely dependent upon a thorough knowledge of it, 
for its successful practice. In fkct, it would be in vain 
for any one to attempt to practise it, without being 
thoroughly conversant with the properties of galvanic 
batteries. The various laws and their applications are 
not in that order which would have best suited an ori- 
^nal paper ; as in this work, the laws and the modes of 
carrying them out, have been first given, and the experi- 
ments and facts from which these laws have been 
deduced, have been subsequently detailed. The inductive 
reasoning would of course have required an opposite 
arrangement, but although the last is best adapted for 




an original paper, the first appeara to be preferable for a 
treatise designed for the use of tlie operator. It was 
originally intended to have illustrated the part of this 
work devoted to the electrotype in all its branches, but 
it was found that the expense attending such a procedure 
would have necessarily limited the benefit which I trust 
the public generally will derive ftxim the work. It 
has therefore been proposed by Mr. Palmer, who executes 
tlie electrotype engravings, to publish a separate work, 
as an accompaniment to this, and illustrating the appli- 
cation of the electrotype to every species of engraving. 

This arrangement I instantly complied with, because 
it allowed this volume to be published earlier, and did not 
prevent those desirous, from possessing the illustrations ; 
and what is of most importance, allowed the whole of the 
illustrations to be rendered quite perfect before they were 
submitted to the public. 

In these elements I have had frequent occasion to 
mention works, and enter into arts far removed from my 
profession, and although I have endeavoured to obtain 
the best information on these points, yet errors are ne- 
cessarily liable to occur. For these, the pardon of the 
reader is entreated, and it is hoped he will recoUect that 
this work is designed expressly to teach electro-metal- 
lurgy, and that therefore all matter, not essentially 
relating to this science is foreign to it. The whole of 
this treatise may be deemed by many to be quite irrele- 
vant to the business of a surgeon. I cannot, however, 
but feel, that the most intimate knowledge of natural 
philosophy and chemistry, should always be combined 
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with anatomical knowledge by him who ventures to pre- 
scribe for the deliciite fabric of the human body. 

In laying this work before the public, I am well aware 
that it is likely to contain faults and imperfections ; the 
reception, however, which my other original papers have 
met with, both at home and abroad, has been as favourable 
as I could have desired, perhaps more so than they deserved. 
This encourages me to venture again before the public, 
trusting that the new matter wliich the present Tolnrae 
contains, will in some measure atone for any errors which 
may here exist. I must not forget to mention, that these 
errors have been materially lessened through the kindness 
of my friend, Mr. John Beadnell, who was eo good as to 
revise the whole of the proof sheets. To my brother-in- 
law, Mr. Hutchison, I am also obliged for the analytical 
index. 

The principles which are laid doivn, and the full direc- 
tions which are given in this work, will be amply suffi- 
cient to regulate the proceedings of the operator ; but he 
must recollect that electro-metallurgy is not only a 
science depending upon ascertained and fixed laws, but 
also an art, depending for its success upon skill and 
practice ; still, if he follow with patience the processes 
which are here detailed, I feel assured that he will meet 
with complete success. 



Bank of England, 

Nov. 2nd, 1840. 
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To trace the history of the art of working in metals by the 
galvanic fluid, we have not to extend our enquiry into remote 
periods, for truly it may be said that this art belongs to our 
own time, and is a characteristic of the present age. Whilst 
however, we pursue our investigations into the history of this 
subject, we find that it has had by no means a sudden origin, 
for by degrees, at different periods, various persons have 
worked out one fact after another, till the comprehensive 
science has been developed, of which this volume is but a 
brief epitome. The art may be said to have had its origin in 
the discovery of the constant battery by Professor Daniell, for 
there the copper was continually reduced upon the negative 
plate. In his first experiment, this distinguished author 
observed, on removing a piece of the reduced copper from a 
platina electrode, that scratches on the latter were copied with 
accuracy on the copper. In this experiment we have the 
electrotype ; but the author, in this paper, had devoted all his 
attention^, and centered all his energies to the construction of 
the battery itself, and this valuable fact attracted but little of 
his notice. 
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It was not a long time after the discovery of this battery, 
that Mr. De la Rue experimented on its properties. In a 
paper printed in the Philosophical Magazine for 1836, after 
describing a peculiar form of battery which he adopts, the 
following remarkable passage is found : " The copper plate is 
also covered with a coating of metallic copper, which is con- 
tinually being deposited ; and so perfect is the sheet of copper 
thus formed, that being stripped off, it has the counterpart of 
every scratch of the plate on which it is depoMited." Tliis 
paper appears to have attracted very little attention; and 
what appears still more singular, the author, although well 
qualified, from his scientific attainments, to have applied these 
facts, never thought of any practical benefit to which this 
experiment might lead. 

In this state the subject remained till October, 1838, when 
Pi'ofessor Jacobi first announced that he could employ the 
reduction of copper, by galvanic agency, for the"" purposes of 
the arts. His process was called galvano plastic. Imme- 
diately upon bis discovery being announced in this country 
in 1839, Mr. Spencer stated that he had executed some medals 
in copper, to which the public afterwards gave the name of 
electrotypes or voltatypes. 

Now what is the precise value of the discovery of these 
productions over the facts already described 1 — for we have seen 
that the reduction of the copper, as a perfect plate, taking the 
exact form of the negative metal on which it was deposited, 
had been already noticed. Why, it is simply the idea of the 
application of these facts; but that idea has been everything. 
The only apparatus which Mr. Spencer employed, was in fact, 
a simple Darnell's battery. He employed various metals for 
the reception of the precipitated metal, which however, was 
nothing new ; but he does not seem to have succeeded with 
any non-conducting substances. He executed medals, and 
perhaps duplicate copper plates; but he does not give any 
details, as to the different methods for ihe reduction of the 
copper in different states, neither did he succeed with the 
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reduction of any other metal. However, to Mr. Spencer 
the British public are principally indebted for the idea of 
the electrotype; and perhaps the idea, as far as relates to 
its application in Great Britain, originated entirely with 
himself. 

Mr. Spencer's first paper was pri"'^ed in the journal of the 
Polytechnic Institution of Liverpool, in 1839; but the author 
complains, that by mismanagement it was prevented from 
being read at the British Association. Any discouragement 
of science in the present time is greatly to be lamented, and 
the more especially when we see that the Germans are already 
taking the lead, not only in chemistry, but also in physiology. 
Every well-wisher of science must hope that an over anxiety 
to prevent the publication of what is old, will not cause the 
referees of our learned societies to omit what ia new. How- 
ever, we are not so much behindhand, but that a little zeal on 
the part of those who have an established reputation for 
scientific acquirements, joined to the effect which encourage- 
ment would have on the junior members of the country, will 
enable the British to Iteep the foremost rank in science among 
the European nations. There are many now working zealously 
and ardently for the sake of obtaining truth, struggling against 
the most disheartening opposition: let that opposition be 
changed for assistance, and great indeed will be the results. 

Perhaps in this place I may call the attention of scientific 
men to the fact, that persons are actually employed by great 
continental powers to find out every thing new that is disco- 
vered in this country, which, in a very few hours can be conveyed 
to any part of Europe. This hint is thrown out, not to deter 
Englishmen from generously giving their discoveries to all 
countries, but to cause them to be cautious not to mention 

E their processes till they have appeared in some British publi- 
Hdion, and thus vindicated the scientific character of our own 
■Buntry. Thb is the more necessary, as the English receive 
ttnly the pleasure which the consciousness of being usefiil 
must afford, whilst the foreigner receives pecuniary emolument. 
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ivhich singularly increases his desire of being acquainted with 
the inventions of other countries, 

I may further notice, in order to confirm what I have 
already stated, that the g'alvano-plastics of Jacohi, and the 
electrotype of Spencer, is not a science which is the result of 
inductive reasoning and laborious research, like Professor 
Wheatstone'a electro -telegraph, but merely an application of 
a fact formerly known to Daniell, recorded particularly by 
De la Rue, and observed by hundreds of others, that both 
Spencer and Jacob i could work only in copper, and in 
no other metal; whilst, had they prosecuted their subject 
afi a science, they would have seen that the same law? regulate 
the reduction of all the metals. 

The next discovery, which is fully equal in value to the idea of 
electrotype itself, was made by Mr. Murray. He found out 

lat non-conducting substances might have metallic copper 
thrown down upon them, by previously applying black lead. 
His process is extremely simple, and absolutely perfect. The 
first application of this invention was made in January, 1840; 
but it is to be lamented that he did not further extend its 
application and publish his researches, for his method was 
communicated orally, in the conversaziones of the Royal 
Institution, and not by any paper. I lay particular stress 
upon the value and perfection of plumbago, because some 
have denied its applicability; and the reader will find, in 
many parts of the work, that I have extended the use of this 
substance, to the benefit of the public, and to the fame of the 
inventor. I have made very extensive enquiries, in order to 
ascertain who really first used plumbago for this purpose, 
and I have the testimony of several authorities that it was 
Mr. Murray, whose claim therefore to this juvention is ren- 
dered quite indisputable. 

Other authors, aa Mr. Solly and Mr. Spencer, subsequently 
gave processes for obtaining a mel«llic coating ; but these are 
far inferior to that of Mr. Murray, besides being more 
uhlesome and espcufiivc. 
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Up to April, 1840, the single-cell apparatus was invariably 
used, but then Mr. Mason very ingeniously devised anotber 
mode by which the reduction might be effected. He used the 
single-cell apparatus as a Daniell's battery, which he connected 
with another cell, to reduce another metal. In the second 
cell he used a copper positive electrode, which was dissolved 
during the action. By this nieaas he made two medals by 
one poimd of zinc, or in other words, obtained two equivalents 
of copper for one of zinc. 

However, up to that time, no laws had been determined 
for the reduction of the inetals in diiferent cases, notwithstand- 
ing a short paper which I sent to the philosophical magazine, 
accompanied by an engraving multiplied hy my galvanic 
battery. This was the first electrotype plate that ever had 
one thousand copies printed from it. 

The laws regulating the reduction of all metals in different 
states are given in this work, aa the result of my own disco- 
veries. By these we can throw down gold, silver, platinum, 
palladium, copper, and many other metals in three states, 
namely, as a black powder, as a crystalhne deposit, or as a 
flexible plate. These laws appear to me at once to raise the 
isolated facts known as the electrotype into a science, and to 
add electro-metallurgy to the nohle arts of this country. 

The number of experiments, I may even say the thousands, 
that have been tried to elucidate these laws (tor this book is 
not a detail of experiments, but rather a digest of them) could 
never have been executed had I not first discovered my gal- 
vanic battery ; for its simplicity alone enabled me, without 
any assistance, to undergo the laborious undertaking. I am 
fiilly aware that some may disagree with me as to the supe- 
riority of my battery over all others for experimental and 
manufacturing purposes. I shall not flinch upon this account 
from stating its advantages, especially as they appear to me 
likely to contribute to general benefit. 

The value of the battery process over all others, is its appli- 
cability to all case* ; moreover, when we use a single cell of 
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the battery, the quantity of zinc dissolved to do any amount 
of work, is the same, or even less, than attends the use of the 
Other apparatus, because the local action in a battery of this 
construction is less than in the single-cell apparatus ; and 
lastly, the quality of the precipitated metal can be regulated 
with the utmost nicety ; and I have no hesitation in stating, 
that the battery process is the only one that ever can he 
employed by the manufacturer with advantage. 

The platinized silver battery is pecuUarly suitable for the 
operator, for when it is in action it communicates to him the 
degree of work that it is doing ; in fact, it completely talks 
to its possessor. If the current is very feeble, a faint whisper 
is heard ; if a little stronger, the battery murmurs ; if a mo- 

I derate current is passing, it hisses; but if a violent one, it 

I roars. At this present moment I have nineteen batteries at 
work in the same room where I am writing, and they are 
each telling me the work tliey are performing. This very 

' instant the fall of a heavy ledger in a neighbouring ofiice has 
jarred two wires into contact, and the roar of that one battery 
has immediately informed me of the fact, notwithstanding the 
action of the eighteen others; I have separated the wires, 
and the universal singing communicates to me that all are 
now working satisfactorily. Any local action on the zinc in 
the same way is immediately notified by its different and 

I' peculiar voice, and I have been surprised how quickly the 

I experimenter catches the characteristic peculiarity of each 
noise, which is learnt more readily than the sound of ditferent 
bells in a strange house. 

With regard to the constancy of this battery, I may be 
expected to say a few words, for although theoretically it is 
not absolutely constant, yet practically, for the purposes of the 
electro-metallurgist, its con3tancy_ remains for two or tliree 

1 days, or in other words until the battery is nearly exhausted ; 

I and then, to replenish the solution of zinc with a fresh supply 
of dilute acid will not occupy more than half a minute. In 
recording my own experience of its practical, though not of 
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it9 absolute constancy, I can at the same time conjoin the 
testimony of some of the most extensive manufacturers in this 
country. Whilst, upon the practical use of the battery I may 
state, that the platinum never weara off the silver, and that 
the platinized silver never undergoes the slightest change, or 
19 affected by the slightest local action. 

The perfect modea of gilding and plating, &c., must rest 
alone upon the authority of this work, for although De la 
Hive has given a process for gilding, it appears, not only from 
my own observation, but also from the statements of others, 
doubtful, whether his mode is really voltaic ; and certainly 
the evolution of hydrogen from the object to be gilt, does not 
at all agree with the laws regulating the precipitation of the 
metals which I have detailed ; in fact, it is diametrically 
opposite to tliem. The process given in this work was dis- 
covered in August, before I bad seen De la Hive's paper. 
By my process the gold can be obtained of any thickness, 
an inch or more, if the operator please. The processes for 
platinatlng, palladiating, &c., entirely rest upon the authority 
of this work, for hitherto the reduction of these metals, in 
any other state than that of the black powder, has been 
always considered impossible. The electro -metallurgist will 
be enabled, by the processes which he will find here folly 
described, to execute reliefs and intaglios in gold, or in 
feet, in nearly every other metal; facts altogether new in 
science. The working of all metals except copper, is also 
due to the discovery of the laws regulating the precipitation 
of the metals. 

Every author has given directions for making moulds on 
plaster casts in metal ; but it is singular, that by no process 
hitherto known, can a perfect reverse of plaster be obtained. 
In investigating the cause of this, I soon discovered that the 
extreme porosity of the plaster was the block over which they 
had all stumbled, and the difficulty was overcome by render- 
ing the plaster non-absorbent. In thb work, the reader will 
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I find, that the copying of reliefs in plaster, h brought to tiie 
I otmost possible perfection, and by very siuiple means. 
I The extended use of wliite-wax, bees- wax, rosin, &c., 
I for the electro-metallurgist, I trust will be found acceptable. 
I Their manipulation I have given as the result of my own 
I experience, and therefore, doubtless, those who make a trade 
I of working these substances, will find the account not bo full 
I m might have been expected, or wished ; yet I believe 
l|»ractice alone is required to make the operator perfect in 
P tiiese arts. 

The application of electro-metallurgy to the copying of 
leaves, fruit, Sec, is for the first time described in this work. 
The new mode of etching here detailed, I confidently trust 
will be also found a valuable adjunct to the knowledge of the 
engraver. The principle which regulates the adhesion and 
non-adhesion of the plates will enable the operator to con- 
I duct liis operations with certainty, a circumstance of no small 
I importance to the engraver ; ignorance on this score having 
already produced untoward results. 

In this history, a sketch only has been given of the leading 
discoveries ; but undoubtedly the person who carries out a new 
. science is also deserving of considerable praise, for frequently 
I he has to incur great expense without any immediate pros- 
pect of a return for his capital. Many persons are now 
entering into the electrotype with great spirit, but none at all 
equal to the manner in which Mr. Palmer has undertaken it. 
The laws which I have g^ven in this work, and the 
I miiversatity of their application, will doubtless influence 
■ importantly the attainment of the grand object of using 
the galvanic fluid commonly among our manufacturers; 
and having thus, as I believe, raised the isolated facts called 
the electrotype, into a vast and comprehensive science, a new 
I name is required which may be suitable to its importance, and 
I capable of embracing its application. The term which I 
I liave ventured to apply to it, is Electbo-Metali-uroy, 
I OR THE Abt of Working in Metals by the Oalvanic 




ELECTRO-METALLURGY. XXTll 

Fluid, and the value of the new nomenclature is evident, 
■when we consider that it takes in every mode by which it is 
possible to work the metals, either by dissolving, or preci- 
pitating thera, by the agency of the voltaic current. 

Aa a surgeon, I feel bound to pass my opinion upon the 
effect which an extensive application of electro-metallurgy 
would have on the health of the workman, and in one word 
I may state, that I believe the mode of working in metals by 
the galvanic fluid is more wholesome, and would he attended 
with far less deleterious properties than the methods now 
practised. The use of the salts of gold, silver, and platinum, 
is liable to discolour the fingers, but the other salts have no 
particular effect. However, in passing the above decided 
Opinion, strengthened as it is by watching the effects of the 
experiments on myself, and also from paying attention to the 
health of some who have reduced electrotype copper by the 
hundred weight, I feel but little dotibt that if the electro-me- 
tallurgist was several times in a day to leave his work with 
fingers covered with metallic solutions, and take hia meals 
without any ablution, and repeat this for a long time, that 
the quantity of metal which he would thus draw insensibly 
into his system, might be attended with inconvenience. Se- 
veral of the processes here detailed, as those of gilding, &c., 
are likely most materially to benefit the health of the work- 
man as they supersede the use of pernicious mercurial fumes. 

The books which the electro-metallurgist may consult for 
a more extensive kuowledgc than is contained in the present 
treatise, are Daniell's Elements of Chemical Philosophy, and 
Dr. Bird's Treatise on the same subject. He may farther 
consult the original papers of Faraday, Daniell, and others, 
in the Philosophical Transactions of the Royal Society, and 
he ought by all means, for a description of the metallic salts, 
to make use of that complete Encyclopedia of Chemistry, by 
Professor Brande, which has been erroneously named a 
manual. 
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It has often been mentioued to me, and considered strange 
that the societies, whose business it is to superintend and che- 
rish the rising arts and infant sciences, should not contain any 
single paper on the new science of electro-metallurgy, and 
that the student is compelled to obtain his knowledge from 
other sources. For the electrotjpe, he may possess Spencer's 
treatise on that subject, although the mode of proceeding 
detailed by him ia very different from those which the laws I 
have developed, require me to recommend. Jacob! has 
written a treatise, in German, on Galvano Plastics, De la 
Hive's paper on gilding, is translated in the Polytechnic 
Journal, where it can be easily procured, and there are besides 
various original papers in the Literary Gazette, Atheeneum, 
and Philosophical Magazine, upon the electrotype. The 
value of these excellent periodicals in making public new 
discoveries and fostering talent which would otherwise be 
frequently crushed by the overwhelming weight of interested 
opinion, is here evident, and to their spirited editors this 
country is daily owing increase of knowledge, power, and 
wealth. 
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CHAPTER I. 

ON GALVANIC BATTERIES. 

Electricity; various kinds, 1 — 8. Voltaic Batteries ; circumstance* adyantageoiu 
or disadyantageoos to, 5 — 13. Proximate cause of Galvanism, 14 — 18. 
Quantity or intensity, 18—24. Different forms of Batteries, Couronne des 
Tasses, Wollaston, &c., 24 — 81. Adhesion of the hydrogen to the negative 
plate ; amalgamation of the positive, 34. DanielPs Battery, 37^44. Grove's 
Battery, 45 — 47. Smee's Battery, 48 — 55. Comparison between the three, 
50—58. Conclusion, 58. 

(1.) As chemists have arranged an extensive series of effects 
under the general term of heat, so they have named another 
series light, and a third, they have called Electricity. Of the first 
cause of all these, as of that of vitality, we are ignorant, for we 
can only examine them by their effects, and even their nature 
is equally obscure. We find, if we examine organized bodies, 
that all these principles are capable of being produced through 
the medium of life ; for nearly all animals have the power of 
evolving heat ; many insects, moreover, can voluntarily emit 
light, and the property of producing electricity is well evinced 
in the terrible shock of the electric eel, as well as in that 
of some other creatures. 

(2.) Their weight is inappreciable by the most delicate 
balances, and hence they have been termed the imponderable 
agents ; a property in which they all agree, and in numerous 
cases appear to be singularly and intimately connected with 
each other. 
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^^^H (3.) Electricity is the only one which we have particularly 
^^^P to treat of in this work, and this Bubject is subdivideil into 
^^^H Beveral departments^ as, electricity of tension, or frictional 
^^H electricity, where the effects of electricity derived from the 
^^^ electrifjfiug machine are considered ; thermo or sterseo-elec- 

tricity, where it is derived from solid bodies through the 

agency of heat; animal electricity, from organized bodies; 

magnetic electricity, from the nattii'al or artificial magnet; 

and voltaic or galvanic, where it is obtained frcnii the voltaic 

(4.) Although these names, from their multiplicity, may tend 
to confuse, be it remembered, there is but one electricity 
which thus manifests itself in such difi'erent ways, either 
nnder varying rircumstances, or from dift'erences from whence 
it is derived. Our enquiry will not extend into all these 
details, but simply into its effects when obtained from the 
voltaic battery, 

(5,) The phenomena, to which the name of voltaic or gal- 
vanic electricity has been given, are those which arise from 
the voltaic or galvanic battery, so named Irom its discoverer?), 
Volta and Galvani. They foand that two pieces of mettil, 
possessing ditt'erent facilities for combination with oxygen, 
produced, when properly united, singular convul^ons in » 
dead frog; and following out this experiment, they con- 
structed the battery, which has now, from tlie improvements 
of later discoverers, become so powerful and valuable au 
instrument. 

(6.) Without pursuing in detail, the interesting experiments 
of subsequent anthor»<, it must always be borne in mind, 
tliat to make a galvanic battery, with advantage, two conducting 
BubBtances must be employed with a compound conducting 
Suid intervening, capable of beiug decomposed ; and the first 
substance should have the strongest possible atBnity for one 
element of the Buid, and the second substance the least 
possible afBnity. Thus, in a simple circuit, composed of zinc, 
r, and water (the water being rendered a good conductor 
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by the addition of acid) zinc has a very strong attraction' 
for the oxygen of the fluid, whilst silver has a very slight 
attraction; and therefore a powerful current is generated. 
(7.) With regard to the relative conducting powers of bod: 
the metals, and all the varieties of carbon, excepting; the 
diamond, hold the foremost rank among golids. The fluids 
are generally imperfect conductors ; none more so than pure 
water; though in combination witli the acids, pure alkalies, 
or any of the salts, it forms a good conductor. Fused chlorides 
and iodides are also good conductors. The metals are con- 
ductors in the following order; silver, copper, lead, gold, 
brass, zinc, tin, platinnm, palladium, and iron. 

(8.) If we except the earthy and alkaline metals, as potas- 
sium, sotliuni, &c., zinc has by far the strongest affinity for 
oxygen ; and on this account is invariably UBcd as the electro- 
positive metal (the term applied to the metal which is acted 
upon by the solution, or which in reality acts on the flnid.) 
All other metals, in any acid solution, are electro-negative to 
them ; the term used to imply the ojiposite state to electro- 
positive. The following table shows the state of electricity in 
which the metals stand, with regard to each other, in acid 
solutions, where every metal is positive to all below it, and 
negative to all above it. This series relates only to acid solui- 
tions, for it varies with almost every solution used : ' 

Potassium Iron Silver 

Barium Bismuth Palladium 

Zinc Antimony Gold 

Cadmium Lead Charcoal 

Tin Copper Platinum. 

This order ajjpears to me to require to be again made the 
subject of experiment ; I would suggest that for this investi- 
gation, every metal should be used in a finely divided state, 
similar to the finely divided platinum of my battery. 

(9.) When a met^l which acts slightly upon a fluid (as foP 
instance, copper) is brought into contact with another metal, 
which has a stronger affinity for the oxygen of the fluid, the 

■bSL 
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fetter, or electro-positive, is dissolved, and g^ves a. negatfvp 
tendency to the former, whiefi in that state doe« not act at all 
npon the fluid, but is preserved by the latter. Of this singular 
property Sir H. Davy took advantage, for the protection of 
the copper sheathing of vessels, which was effectually pre- 
served from decay by pieces of zinc or iron placed in contact 
with it under the water ; but then unfortunately the copper, 
ceasing to be deleterious, did not prevent the adhesion of 
marine animals and vegetables, which accumulated to such an 
extent, as materially to impede the shipe' progress through 
the water. In this way, zinc pi-otects all the less oxidable 
metals, when pure; but if the electro-negative metals be 
contaminated with charcoal, or with a metal having leaa 
affinity for oxygen, they will still be acted upon. 

(10.) The converse of this observation applies to the electro- 
■positive metal, as the zinc ; for when pure it is not acted upon 
by the sulphuric add, till contact be made with some other 
metal, having less affinity for oxygen: If it contain any 
: electro-negative metal, however, it will not only be acted 
'Upon by the fluid for the generation of tlie galvanic current, 
'but independently of this a great waste and expense will he 
'incurred. Tliia additional wasting is termed local action, and 
should be avoided in every possible way. 

(11.) Local action, arising as it does from either the zinc or 
the negative metal, being contaminated with some other 
metal, is to be considered as an infinity of small batteries, the 
action of which is quite independent of the great battery ; 
where the hydi-ogeii is entirely transferred to the negative 
plate, and where consequently no apparent action is visible at 
the positive plate. 

(12.) It is fo7 this reason that the pnre metals are exceed- 
ingly difficult to dissolve, paiticularly if the acids be also 
pure ; as for ingtnncc, pnre silver in pure diluted nitric acid, 
■or pure nine in dilute sulphuric acid; because there is no 
ifferent metals established to favour 
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(13.) A battery, iu an acid solution, when put into actioD, 
exiiibits apparently no change at the electro-positive metal, or 
zinc, if the local action be destroyed ; although in fact it is the 
zinc which is being dissolved. On the contrary, the electro- 
negative metal, which is in reality undergoing no change, 
exhibits a copious disengagement of gas, which arises from 
the transferrence of the hydrogen to that plate, while the 
oxygen is all absorbed by the zinc. 

(14.) This leads us at once to the proximate cause of the 
voltaic current ; for it is found that the amount of action on 
the zinc is exactly proportionate to the quantity of electricity 
produced ; hence, zinc appears to be the fuel of the battery, 
holding the same place as coals in a fire. From these and 
various other facta, Dr. Wollaston, Dr. Faraday, and with 
them most of the present experimenters in this country, believe 
that the chemical action of the acid solution on the zinc, or 
rather of the zinc on the water of the acid solution, is the 
source of the electric current in the voltaic battery ; and this 
is termed the chemical theory of the pile. The Ctermans 
again, and others, following Volta, believe that the chemical 
action is the effect of the electric current, and that the jiower 
is produced by the contact of two dissimilar metals; and this 
latter has received the name of the contact theory. i 

(15.) In opposition to the Contact Theory, Dr. Faraday has 
described in the Philosophical Transactions, carious instances, 
where the connection of a simple battery, excited by dilute 
sulpliuric acid, was not msule through any metal whatever; 
but through a liquid capable of being decomposed by the 
stronger energies of the dilute sulphuric acid. He found that 
a solution of iodide of potassium was best adapted to show 
this interesting fact. 

(16.) Which ever theory be adopted, the use of the negative 
metal is by no means apparent ; for the quantity of electricity 
developed, cteteris paribus, is exactly as the surface of negative 
metal exposed ; thus, provided there be no obstacle to over- 
if the surface of this be doubled, the quautity o{ 
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electricity will be likewise doubled. However, the extent of 
surface of tlie positive metal, within certain limits, is not of 
so much consequence, although too great a deficiency of this 
is attended with detriment. 

(17.) Oue circumstance must be noticed, that every point 
of the negative offers a radiating point to the positive metal ; 
for every point not ao situated, is much leas active, and some- 
times even perfectly inactive. Indifferent cases, this property 
is shown more or less strikingly; for if the hydrogen be 
removed in its nascent state, it will, under the combined action 
of its adhesion and elasticity, manifest itself at a great distance 
from the positive metal, and even quite without the sphere of 
its radiation, as is the case where the back of a piece of metal 
is active, while the front alone is opposite to the fiuid. When 
very smooth metals are used, it will also pass to a great dis- 
tance ; but when a metal is prepared in the manner I have 
hereafter to point out, by platinum, the gas will only be given 
off fi-om a small extent, though very violently, when touched 
by the point of a fine zinc wire. 

<18.) A relation exists between the power, and the distance 
interposed between the electro-positive and negative metals; 
for the nearer these can be brought together, the greater the 
quantity of electricity developed ; though the intensity is not 
influenced by the difference of arrangement. 

(19.) Tlie function of the acid solution has already been 
partially explained ; for we have before mentioned that the 
water is decomposed, the hydrogen being evolved at the 
negative metal, and the oxygen combining with the zinc, to 
form oxide of zinc. The acid now comes into play, and 
in addition to its adding considerable conducting power 
to the solution, it removes the oxide to form the sulphate 
of zinc. 

(20.) Whatever exciting fluid is employed to charge tlie 

battery, its efficacy depends upon the same principles ; but 

ihe intensity varies with each variation in the foreign body 

laced in the water; thus dilute nitric acid, dilute sulphuric 



acid, or a. solution of salt, all impart ditferent inten^ties to 
the battery ; an increase, however, or diminution in tbe pro- 
portion of these, does not interfere in the intensity, thougi 
the quantity is materially altered; for if but ten drops of* 
dilute sulphuric acid are placed in a gallon of water, the 
intensity would be the same as if a pint of acid were em- 
ployed ; but the quantity in one case would he infinitely less 
than in the other. 

(21.) A galvanic battery exhibits two important properti«3; i 
quantity and intensity. Quantity depends directly upon the ' 
size of the negative metal or strength of the solution, while 
intensity depends upon much more hidden causes. Quantity 
requires but one cell, and this has been referred to in all the 
preceding experiments, for we have seen that we must have 
two metals with an intervening fluid. These will remain 
inactive while they do not toucli ; but as soon as contact takes 
place, either in the exciting fluid, at a distance, or through 
a fluid of more easy decomposition than the exciting fluid of 
the battery, the action immediately commences. The contact 
may be made through a great length of wire, with the same 
result. In this case, however, if the wire be either long, of 
small diameter, or of a metal of no great conducting power, < 
it will he seen that the hydrogen evolved from the negative ) 
metal will he materially lessened, showing that an obstacle hi 
presented to the electric fluid; but if intensity be given to 
the fluid, then the hydrogen will be evolved as freely as i 
before. i 

(22.) To obtain this intensity we must have recourse to a j 
number of galvanic batteries, arranged as a scries ; that is, I 
the zinc of one battery connected with the silver of the next, 
and this in regular continuation, leaving the extreme zinc and 
silver free. In this way a hundred batteries may be con- ■ 
joined, but no more quantity obtained; for only the same 1 
amount of electricity passes as when one cell is used. Now, j 
however, this same amount can pass through a much greater | 
resistance, for it would seem as if at every alternation of the I 
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battery, the electric fluid obUined a pueh to overcome any 
obstacle afforded to its passage, and this push is called its 
intensity. 

To the beginner, these two properties are very difficult to 
understand, but perhaps a rough idea may be formed of them 
by comparing quantity to the piston imparting motion to a 
railway train, which moves readily with one engine on a level 
road ; let tlie train meet an obstacle, as an inclined plane or a 
liill, two, tliree, or 100 engines may be required to move this 
same train over, and yet the piston which turns the wheels of 
the carriage would move no more times than if one engine 
had been employed, 

(23.) There is no advantage, but even a loss, in using a 

battery with an intensity more than sufficient to overcome a 

resistance ; whether produced by a fluid to be decomposed, or 

by any other means ; for if ten cells arranged as a comjwund 

battery be sufficient to overcome the obstacle, the effect of 

sixty cells, arranged as six tens, would be six times as much 

as if a single ten were used, because they would then form a 

battery of six times the size, but of the same intensity as 

before ; but if the whole were used as one compound series, 

L^e resulting decomposition would be considerably less 

H than six times the quantity, and to use a battery with ad- 

^uantage this fact must be borne in mind. If again, the 

Hjfiuriacea be increased before sufficient intensity be obtained, 

B^ like manner it will not add a proportionate amount of 

^uower. 

■ (24.) A compound galvanic battery, or one of many cells, 
9 has the same quantity of electricity passing in each cell, and 

therefore the same quantity of zinc dissolved. On this account 
the fewer tlie cells that can be employed to overcome the obsta- 
cle, the greater will be the economy. It is obvious therefore, that 
as soon, ae by increasing the series, sufficient intensity has been 
attained to overcome partially the resistance, quantity should 
. be sought by increasing the surface ; for when one cell, ae a 

■ single series, requires one pound of zinc lo do a given 
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mount of work, wlien that same work is done more quickly 
■'iJy twelve cells, twelve poiintla are dissolved — one pound 
in each cell ; and of whatever size the cells may he, still the 
result will he the same, for no more zinc will be dissolved. 

(23.) The simplest form of compound hattery is the Cou- 
ronne des Tasses, which is composed of alternate slips of zinc 
and platinum soldered together ; the zinc is to he placed in 
one glass, the platinum in the next ; and the series, thus 
arranged, may be charged with dilute sulphuric acid; care 
must be taken that the metal of the alternate pairs do not 
touch in the iluid. 

(26.) When intensity alone is required, a large number of 
small plates should be used, aa in De Luc's column, which is 
constructed of pairs of plates of dissimilar metals, separated 
by paper. There are several methods by which it may be 
made ; the most common of which is to place alternate discs 
of silvered paper on similar discs of zinc, taking care that 
the series (i. e. the relative position of zinc) has always the 
same direction. It may be also made of discs of silvered 
or gilt paper, the uncovered side having been first spread 
over with the black oxide of manganese and honey. How- 
ever, care miist be taken that the manganese be not exposed 
to the sun ; as in that case it is rendered inert ; and also that 
the silver or gilt paper be not covered with any varnish, as that 
which is usually sold in the shops; 600 to 1000 discs must be 
employed to make an efficient instrument. 

(27.) The larger batteries, which were in use for a number 
of years, consisted generally of copper and zinc, arranged in 
different forms, according to the fancy of tlie operator. Thus, 
the copper of each cell surrounded the zinc, and both were 
united to fit into a porcelain trough, with eight, ten, or more 
cells. Here each cell is to be considered as a distinct battery, 
although the copper and zinc of the whole trough are united, 
an arrangement contrived to remove the series of batteries 
from the trough at one time. 

(28.) In this compound ballei'y, a porcelain diajihragm 
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separates each sim])Ic battery ; but Dr. Hare discovered 
a Bcries of batteries nti^ht be placed in one vessel, provii 
tliat the metals of each battery did not touch in the fluid, 
that neither the electro-positive metal alforded a radiatory 
power to the electro-negative metal, of any other but its own 
pair, nor that any electro-negative metal radiated in a similar 
manner to any c tec tro-jiosi live metal. This form of battery 
is very little known in tliis country, and I believe but seldom 
used any where. 

(29.) There is another form which was devificd by Cruik- 
flhank.and which consists merely of square pieces of ainc and 
copper, soldered together, and fixed at regular intervab in a 
wooden trougli ; the zinc always being in one direction. In 
this battery the metals themselves divide the cells. 

(3().) There are many other forms of compound batteries, 
whicli do not require particular mention, as the principles 
which have been already explained, affect tliem all. 

(31.) Provided the metals be sufficient to carry the current, 
their thickness does not influence the quantity of electricity, 
that depending upon the surface exposed to the fluid; but if 
the metals be so thin that they cannot carry the electricity, a 
diminution in the quantity of the current produced will ensue, 
similar to that which arises from thin wires. For this rea- 
son, earthenware, coated with platinum was not found to 
answer for the negative plate of a Grove'a battery, the pla- 
tinum surface not being of sufficient thickness. Yet, however 
thin a metalhc or good conducting surface be employed, the 
current vrili gradually traverse it; a property of no small 
importance for the electrotype, 

(32.) As the metals are good conductors, and the metallic 
oxides non-conductors, it is important that the negative metal 
should expose a clean metallic surface, or else it will be 
perfectly inert ; therefore, when the old forms of batteries are 
employed, the copper should be thorouglity cleansed from 
I oxide, before the battery is put in action. 

T (33.) When the metal is thoroughly cleanoil before it is 
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employed, it still very speedily, in fact, almost instantaneously, 
loses its power. Now this depends principally, if not entirely, 
in a single battery, upon the hydrogen's adhering to the 
negative metal, which thereby becomes coated with a non-con- 
ducting sur&ce of hydrogen, and is therefore rendered 
inoperative. The state of sur^eice influences this adhesive 
quality. 

The reader may readily convince himself of the truth of 
this. Let him immerse in a tumbler of dilute sulphuric acid, 
a polished plate of copper, and then place a piece of zinc in 
contact with the copper below the surfiice of the fluid. 
Bubbles of hydrogen will speedily appear upon the surface 
of the copper, -and will soon cover its entire surface. It will 
be seen that these bubbles, instead of rising to the surface, 
and escaping as soon as formed (or in other words being 
evolved) will continue adhering to the metal. This depends 
upon the principle called heterogenious adhesion, which can 
only operate when the surface of bodies are brought into very 
close contact. A smooth surface of metal favours the adhesion 
of the gas to such an extent, as to counterbalance the force 
with which it tends upwards to the surface of the fluid. 
This, considering the difference of specific gravity between 
hydrogen and water, can by no means be a trifling force. 
Mechanical roughning by sand paper, obviates in some degree 
this annoyance, but is by no means entirely a remedy. The 
mode of overcoming this adhesion will be treated of when we 
describe my battery. To give an idea of the amount of 
hydrogen which will adhere to smooth metals, I have fre- 
quently seen platinum, the heaviest of all substances, rise, by 
the force of the hydrogen, to the top of the water, after it had 
been in contact with zinc. 

(34.) The same observations apply to the positive metal ; 
for if even impure zinc be polished, the hydrogen will yet 
adhere to such an extent, that scarcely any action will take 
place till the surface is corroded ; when it will immediately 
become violent. There is another mode, however, of over- 
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coming this local action, which has been adverted to in this 
place, instead of mentioning it before, hecaiise I believe its 
action depends upon the facilitating the adhesion of hydrogen ; 
this mode is the amalgamation of the zinc by mercury. In 
making a battery, this should never be neglected from its 
economy, as but a small quantity of mercury is required. It is 
effected by acting upon the surface of the zinc, either by acid, 
or by planing the oxidized surface, and then rubbing it with 
metallic mercury. Let us never forget to whom we owe this 
discovery, which of itself enables galvanic batteries to be used 
extensively in the arts. Ages to come will perhaps have to 
thank the inventor, whom we are too apt to forget because he 
wae neither on the council of the Royal Society, nor a London 
Professor, yet still the obligation from the public to Mr. Kemp 
is the same. 

The explanation which I have ventured to give of tliis 
valuable improvement is the following ; the mercury envelopes 
the small portions of charcoal and foreign metals, and there- 
fore the first gas evolved, adheres so firmly to these, that 
every foreign point of metal becomes coated, so as to prevent 
farther action ; for of all the metals known, there is none to 
which the hydrogen sticks so firmly, as to mercury. A very 
instructive experiment proves that the absence of action depends 
on the adhesion of the hydrogen ; for if mercury with zinc 
dissolved in it, be placed in dilute sulphuric acid, it will give 
off no gas, but will be covered with large bubbles ; but if a 
little sulphate of copper, nitrate of silver, or nitro-muriate of 
platinum be placed in the acid, an instantaneous change 
ensues, for the hydrogen has not now to be evolved, hut is 
absorbed in the nascent state, to reduce the oxides of these 
metals. 

(35.) In an elementary treatise it is unnecessary to enlarge 
upon these views, but those desirious of entering into them 
can consult the Philosophical Magazine for April 1840, or 
the Transactions of the Society of Arts for that year. An 
observation of these facts )ed uie to construct the Chemico- 
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mechanical battery, of which we shall speak after we have 
described the other forms. Before, however, entering upon 
that subject, there is still another property of metals which 
has not been adverted to ; viz. that the least oxidable metals, 
as platinum, in common with the metals which have most 
affinity for oxygen, become coated, or so infilmed with air, 
that they are rendered useless, because they expose a film of 
badly conducting substance to the fluid instead of a metallic 
one. The film may be instantly destroyed by heat, or by 
strong nitric acid. This fact has been long known, and the 
familiar experiment of causing iron filings to swim, while 
magnesia, which is an impalpable powder sinks, is an example. 
But I believe it had not been noticed, as influencing galvanic 
effects, till mentioned in the paper before quoted. 

(36.) The mode in which the hydrogen is evolved, influences 
the intensity of the battery ; for if removed from the negative 
metal in the nascent state, by any substance which readily 
yields oxygen to combine with it, the intensity is greater than 
when it is evolved. The cause of this is not exactly known ; 
some supposing that it arises from chemical action at both 
poles of the battery, whilst others explain it by supposing that 
the hydrogen carries off a certain portion of electricity of 
tension, as they find that a gold leaf electrometer is affected, 
when brought near the evolved hydrogen. 

(37.) No farther improvement was made in the galvanic bat- 
tery hitherto described. All previous alterations being as to 
size or form; as flat cells, round cells; or as to the arrange- 
ment of the metals, as to which should be innermost ; but these 
can scarcely be called improvements. At length Professor 
Daniell turned his attention to the subject, and produced a 
battery on a principle altogether new. 

(38.) The form of battery which he recommended, was from 
eight inches to two feet in height, and four inches in diameter. 
The outer vessel is to be made of copper, of which the external 
part may be painted, as it plays no part in generating electri- 
city; while the inner remains uncoated. Into this cylinder a 
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solution of sulphate of copper is to be poured, instead of 
dilute acid ueed in previous batteries; but now, if a xinc pli 
[ were put into this solution, and contact were made, tlie copper 
, of the solution would be reduced upon the zinc, as well as on 
the outer cylinder; and thus the battery would cease to have 
any effect. It therefore became necessary to enclose the zinc 
in a porous vessel, in order to separate it from the sulpliate of 
copper. This was effected by a piece of the gullet of the ox ; 
and into this, which forms an inner vessel, the zinc, with dilute 
sulphuric acid, is to be placed. Tlius we have an outer copper 
cylinder witli a sohition of sulphate of copper, and an inner 
vessel containing zinc and dilute acid. As soon as contact is 
made, the zinc is dissolved, and sulphate of zinc is retained in 
I the inner part of the vessel ; whilst, instead of the hydrogen 
being evolved at the negative metal, it reduces the copper 
, £x)m the sulphate of copper. The inner vessel must be looked 
upon as a disadvantage, because there is no doubt that it 
lessens the power of the battery. The more porous this vessel 
JB, the greater is the quantity of electricity developed ; and so 
common brown paper, coarse canvass, and porous earthenware 
tubesareemployed,insteadofthebIadder, or the lining valve of 
the gullet or intestines, as formerly. Professor Daniell uses for 
his positive metal cast zinc rods, which lie amalgamates; and 
as a little copper always passes through the porous vessel, tliis 
should be repeated every time it is employed. The earthen- 
ware tubes immediately after, use should be plunged into water, 
and there kept till all the sulphate of copper is dissolved out; 
or else, by crystallization it will sometimes disintegrate the 
vesael. 

19.) Many have thought that the zinc being two inches 
apart from the copper is too far, and they have used cylinders 
j which approached a great deal closer; but although there is 
I BO doubt that by these means increase of power is obtained, 
yet many more inconveniences attend their application than 
I the employment of the form originally suggested by Professor 
I Z)a[uell. In the use of porous tubes of every sort, whenever 



the 1 

late I 



CONSTANT EPPECTS OF DANIELl's BATTERY. 15 

the reduction of a metal takes place, care must be taken that 
neither of the plates of the battery touch the porous vessel; 
for otherwise the reduction of the metal will take place upon 
it, and at length a line of continuity will extend from one to 
the other. Candidates ever anxious to obtain the fame of a 
new invention, made the batteries square, oblong, paralellopiped, 
and even in many other forms, without any real advantage, for 
all the alterations attended with benefits one way, have counter- 
balancing disadvantages. 

(40.) This battery is principally valuable for its constant 
effects; that is, for the power which it possesses of generating 
exactly the same amount of electricity for a long time together ; 
and for this reason it is extremely valuable in many experi- 
mental researches. 

(41.) To obtain its constant effects however, certain precau- 
tions are required ; for if the size of the wires used for the 
communication be altered, or their length either materially 
increased or diminished, then will the quantity of electricity 
vary. The distance between the poles, and also their 
size, must remain the same; and great care must be taken 
that the porous tubes be of the same texture ; for it is to be 
remembered, that if but one bad earthenware tube be used in 
a battery of large surface, the quantity of electricity will be 
influenced throughout. 

(42.) Much misunderstanding has arisen from the use of the 
term constancy ; it is often thought to signify long-continued 
action, whereas these properties are really different ; for a battery 
may be constant, but only remain in action for a short period ; 
and again, a battery might continue in action for years, and 
not be constant in its action ; the property of long continuation 
however, is by far the more valuable. 

(43.) The principal disadvantages of this battery are, first, 
the length of time required to set it in action; secondly, the 
trouble and expense attending the use of the porous tubes ; 
and lastly, the necessity of continually re-amalgamating the 
plates. 




(44.) The essential advantugu which tliis excellent Itatteiy 
jmsBesses over ali wliich preceded it, is the removal of the 
hydrogen, instead of its evolution at the negative vessel, 
whilst in the nascent state, by its decomposing the sulphate 
of copper. It is owing to this also, that this battery gives 
off no fames. To employ the decomposing effects of this 
battery with the greatest advantage, a series of ten or twelve 
ia required. 

(46.) Another battery, upon precisely the same principles, 
although applied in a very different way, was Invented by 
Mr. Grove. He uses, for his negative metal, platinum, and 
in the inner cell he puts strong nitric acid, and in the 
outer one, with the zinc, dilute sulphuric or muriatic acid. 
The form which Mr, Grove prefers, is a many-celled trough 
like the WoUaston'a, with flat paralellopiped porous tubes 
in the interior; and as platinum is an expensive metal, he 
takes care that the whole surface is brought into full opera- 
tion, by completely surrounding it with zinc. In this battery 
tlie nitric acid is decomposed by the hydrogen, and deutoxide 
of nitrogen is evolved; which, coming in contact with the 
atmospheric air, is converted into nitrous acid. 

(46.) This battery is remarkable for its intensity; a series of 
four being sufEcient for most decompositions. A large series 
ejthibits the arc of light in a very brilliant manner ; for showing 
this phenemenon it exceeds all other batteries. This battery 
however, with its great intensity, is not without some serious 
disadvantages; for the nitrous fiimes wliich are evolved during 
its action, are extremely pernicious to the animal economy; so 
much so, that it might be even dangerous to he exposed to 
them, without a free access of air. Tliese nitrous fumes will 
attack almost every metallic surface with which they come in 
contact; and therefore this battery should not be employed in 
a room where there are polished stoves or metallic apparatus. 
Tlie nitric acid moreover passes through the porous tubes, and 
attacks the zinc to a considerable extent, independently of 
tliut zinc which is dissolved to generate electricity: — and lastly. 
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it lias tlie objection of requiring tlie trouble and expense 
attending upon porous tubes. 

(47.) We have thus seen that Mr. Grove's intense battery- 
is in its principle similar to that proposed by Professor Daniell, 
for in both the hydrogen is removed by chemical means; in 
the first instance by nitric acid, and in the second by sulphate 
of copper. Of course there are many other modes by which 
the same results may be obtained; as for instance, by using 
nitrate of silver, or the salts of gold, palladium, and plati- 
num, or by other oxygenated acids, as the iodic, chloric, and 
bromic. I have tried many other substances upon tliis 
principle, but have not arrived at any new result, nor have 
found any arrangement superior for its intensity to that of 
Mr. Grove. 

(48.) In conducting a series of experiments on the ferrocy- 
anuret of potassium, having had frequent occasion for the nse 
of a galvanic battery, I found, that although the two last were 
admirably contrived instruments, yet that it was very desirable 
to possess one that could be set in action at a moment's notice, 
and with comparatively little trouble. It became thenceforth 
my endeavour to construct one that should require little or no 
labour in its employment, and this was followed by the devising 
of the chemico mechanical battery. 

(49.) This battery, after I had minutely investigated every 
property which belongs to the metals of which batteries are 
constructed, was made upon noticing the property which rough 
surfaces possess, of evolving the hydrogen, and smooth sur- 
faces, of favoring its adhesion. Thus whatever metal we use 
for our negative plate, we take care that it be roughened, 
either by a corrosive acid, as iron by sulphuric acid, copper 
and silver by nitric acid, or mechanically by rubbing the 
surface with sand paper. Even by these means alone the 
metals are rendered much more efficient; but to take advan- 
tage of this principle to the fullest extent, I cover platinum 
with finely divided black powder of platinum, by galvanic 
means; that is, I place the platinum as the copper is placed 
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in a Daniell's battery; hat instead of employing sulphate of 
copper in the outer vessel, I use a small quantity of nitro-muriate 
of platinum, so that the finely divided metal is thrown down 
on the sheet platinum, previously roughened by sand paper. 
In this way it was also placed on palladium, silver (roughened 
by nitricaeid), plated copper, iron of every sort, and on charcoal, 
with the same good result; but no other metal was found to 
answer for its reception. The metal generally employed is 
silver, because of its cheapness, and its not undergoing any 
alteration. But whatever metal be used, the principle is the 
same, viz. the affording a surface to which the hydrogen shall 
not adhere, but from which it shall be evolved; and the 
infinity of the points which are presented by such a surface as 
above described, appears to he the cause of this excellent 
result. The preparation of the silver is now made a separate 
branch of a trade, and the platinized metal can now be bought 
I ready for use; but for those who desire to perform this opera- 
t tion, a brief description is here added. 

(50.) The metal to be prepared should be of a thickness 
sufficient to carry the current of electricity, and should be 
roughened, either by sand paper, as in the ease of platinum or 
palladium, or when silver is employed, by brushing it over 
with a little strong nitric acid, so that a frosted appearance 
is obtained. The silver is then washed, and placed in a 
vessel with dilute sulphuric acid, to which a few drops of 
nitro-muriate of platinum are added. A porous tube is 
then placed in this vessel, with a few drops of diluted sul- 
phuric acid; into this the zinc is put. Contact being 
made, the platinum will in a few seconds be thrown down 
upon the surface of the silver, as a black metallic powder. 
The operation is completed now, and the platinized metal 
ready for use. However, iron, when thus prepared, is as 
effectual as silver, and may be sometimes employed with 
advantage. With this metal, all that is required is to rub a 
IHtle nitro muriate of platinum over it, and an immediate- 
dvjwsit of the black powder takes place. 
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(51.) The liquid generally adopted to excite this battery, is 
a mixture of one part, by measure, of sulphuric acid, and seven 
of water, which will be found amply strong for all purposes. 
Where we desire greater intensity, we can obtain it by the 
addition of a few drops of nitric acid, but if too much be used 
it will attack the silver. When however, platinized platina is 
employed, the nitric acid may be used with impunity. The 
electro-metallurgist will find it advisable to use dilute sul- 
phuric acid, containing only 1-1 6th of the pure acid. 

(52.) Numerous enquiries have been made as to what ar- 
rangement is best suited to this battery; but this must depend 
upon the purpose for which it is employed. For the student's 
laboratory, the Wollaston trough of twelve cells appears to 
be best adapted (fig. 7 A) ; and it should be so constructed, 
that any number of cells may be employed, independently of 
the others, as they may be required. The silver being the 
most expensive metal, the zinc should completely surround it, 
so that the whole of the silver may be brought into action. 
Where a battery is required to continue in action for a very 
long time, as for days or even weeks, a larger vessel, to contain 
more dilute acid, must be used (fig 3 A). 

(63.) When we desire to employ a battery for manufac- 
turing purposes, it might be as well in some cases to remove 
the sulphate of zinc as soon as formed, by means of a syphon 
tube passing to the bottom of the vessel, while fresh acid is 
continually supplied at the top; but this is not generally 
necessary. For these purposes the battery should be so con- 
structed, that any of the zinc plates, when worn out, can be 
readily replaced. There are many other forms which may 
be adopted ; as the circular, with the zinc outside ; or it may 
be used as a tumbler battery. 

(54.) The characteristic of this battery is the great quantity 
of electricity produced, and its simplicity; moreover it 
requires but very little trouble in its manipulation. The zinc 
seldom demands amalgamation, as that will generally last till 
the metal is all dissolved. 
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(55.) In uEung this battery it is important that no salt of 
copper, lead, or other base metal be dropped into the 

exciting fluid, as by that means the silver would become 
coated therewitli ; the plain consequence being, that a 
surface of copper instead of that of the iinely divided platt- 
[ num is presented to the fluid. From a want of knowledge 
[ of this fact, in some who have used the battery, I have seen 
I the negative metal covered with copper, which finally be- 
I coming; oxidated, rendered the platinum useless. 

(56.) Such is a brief view of the three batteries now in use. 
Professor Daniell's excellent invention being distinguished by 
its constancy ; Mr. Grove's powerful battery, by its intensity; 
and my own, by the quantity of electricity developed, and by 
[ its simplicity. Neither of these can be regarded as a perfect 
I galvanic battery, for each wants some of the properties of 
the others ; it is to be hoped therefore, that every atten- 
tion will be given to the further improvement of these 
valuable instruments, until the good properties of each 
are combined in one. Which of the three is at present 
to be preferred, must depend upon the purpose for which 
it is required ; and the choice must of course be left to the 
operator. For my own part it affords me much pleasure to 
see that the platinized silver battery has fully answered 
the expectations which I formed of it. By some it has been 
too much estoUed, by others too much blamed. It has been 
the subject of experiments not appertaining to it, such as 
comparing its intense effects when quantity is its characteristic. 
Notwithstanding the mis-statements on both sides, it has fully 
stood the tost of time, and has been employed by the public 
. in a manner which I had not even hoped. The reason they 
1 prefer it for general and especially for manufacturing pur- 
poses appears to he, that it does not require the use of porous 
I tubes, nor of the strong arids, and that it does not give otf 
L poisonous fumes. It will contiimc in active operation for two, 
. three, or more days, when a sufficiency of acid is supplied to it. 
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The zinc frequently demands but one amalgamation ; and the 
time required either for setting it in action, or for maintaining 
its operation, is comparatively not worth a thought; and 
lastly, the expense of working it is reduced to the lowest 
possible amount, being exactly proportionate to the power 
obtained. 

(67.) Perhaps I may be expected to give an approximation to 
the relative cost of working the three batteries. In mine it is 
the cost of the zinc dissolved by the acid : zinc + acid 4- 
a local action. ' In the constant battery it is zinc + acid + 
sulphate of copper + much local action. Each cell of this, to 
do any given amount of work, would cost about twice as much 
as mine. In Grove's battery it is zinc + acid + nitric acid 
reduced by the hydrogen + nitric acid combined with ammo- 
nia, formed during the action of the battery + extensive waste 
of the zinc = about three times as much as mine. 

(68.) The construction of all the various forms of galvanic 
batteries has now been considered, and the principles also on 
which the peculiarities of each are founded, have been briefly 
explained ; though if this important branch of our subject 
were to be alone discussed at a length proportionate to its value, 
this volume would not be sufficient for the interesting and 
important matter relating to it 




ON THE PROPERTIES OF GALVANIC BATTERIES. 

Signs of a Battery iii action, 50. Hania'a galvanometer, 60. Spark, 61. Vol- 
taic electricity charges In Lcyden jar, 62. Pbisiological effects, 63. Mag- 
netism, 64— 68' OalranometerB, 68 — 70. Horseshoe temporary m^net, 
71 — 73. Decompositloii cell, yoltamclen, poles, 74 — B4. Laws of voltaic 
dccompoflitloo, 86, 86. Table of chemical equivalents, 87. Fluid necessary to 
decomposition, 88, Conduction of fluids associated with decomposition, 
88— 9D. lotcnaity necessary for deeompoaltimis, 81. Electrolysis; Electro- 
chemical decomposition, 0-2—08. Daniell's theory, 90. State of the fluid 
daring decomposition, 101. Effect of heat upon fluids, 10^. Olun's fonaola, 
104. 

(59.) After describing the various forms of the galvanic 
battery, we are led to consider the effects which they produce, 
for these are called the galvanic effects, and the theoretical 
principle which causes them is termed galvanism. 

Tlie sign of a battery in action, is the change going on in 
each ceU of the battery itself. In Daniell's battery it ia 
evinced by a deposit of copper on the negative metal; in 
Grove's battery, by the evolution of nitrous fumes, and in 
mine by an evolution of hydrogen. Tliese several actions 
mark exactly the quantity of current passing; but in the 
two former batteries, no accurate measure can be readily 
made, although in the latter, the hydrogen may be collected 
in one of the cells by means of a glass jar, and the quanti^ 
thus exactly ascertained. 

This property in my battery ia of extreme value to tlie 
mechanic and experuneutalist, for he can tell at once by the 
hissing of the hydrogen, whether the connections are all 
correctly made, and what amount of current is passing, a 
fact of no small importance when applied to the electrotype. 

(60.) The next phenomenon which a batterj- displays is the 
power of heating wires of sufficient size to carry the current 
readily; ami by this, the most infusible metals, as platinum, 
palladium, gold, copper, iron and steel, may be instanta- 
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neoualy melted. The siie of the wires melted, will depend 
upon the quantity of electricity developed, while the length 
will depend upon the intensity of the current. 

Mr. Snow Harris has ingeniously taken advantage of tiiis J 
property to make an instrument for measuring the voltaic I 
current. It consists of a fine wire passed through a delicate ] 
air thermometer, and the expansion of air shows the degree ' 
to which the wire is heated. This instrument is a valueless 
test, unless both thick and thin wires be used in two 
experiments, for otherwise but one property of the battery ii 



(61.) The next property which a battery displays, is it» | 
power of igniting metallic or charcoal points, when joined to 
the two ends of the battery, and held so that they barely 
touch, a light is then exhibited equal in brilliancy to that of a 
little sun. This has been called the spark, and much con- 
troversy has taken place among the learned at what distance 
the spark will pass. Some have asserted tliat it will pass 
through some distance ; Jacobi, however, considered the dis- 
tance to be extremely small ; but Mr. Gassiot, with that 
liberality of spirit which alone is a sure test of a man's de- 
votion to science, fitted up 100 series of Professor Daniell's 
largest batteries, but with thera, by the most delicate micro- 
meter, he could not discover that the spark would pass at any 
appreciable distance, on the contrary this large battery would 
remain quite inert if the poles were separated by the distance 
of the thinnest film of paper. In a late number of the Philo- 
sophical Magazine, Mr. Crosse has revived the enquiry by 
stating, that by a very extensive series of water batteries, in 
his own possession, he has succeeded in obtaining the sparic J 
at a short distance. He proposes to enlarge his battery to'f 
1000 cells, in order fidly to detenniue this point. 

The spark seems principally to depend upon a combustiool 
of fine particles of metal, and, when diarcoal or hard { 
coke is used, upon little points of it flying from one jwle taM 
another, so that one pole wastes away, and the other incrcas 
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till the flame becomes quite encased in a mass of carbona- 
ceous matter. This has always been a serious obstacle to the 
adaptation of this brilliant arc of flame to practical porposes. 
The phenomenon of the spark requires intensity for its pro- 
duction: a series of Grove's batteries is best suited for this 
purpose. Professor Wheatatone, by most ingenious experi- 
ments, determined, that the duration of the spark did not last 
for the one-millionth part of a second. 

(62.) The nest property evinced by the galvanic battery, is 
its power of charging a Leyden jar ; but this is a property of 
little importance, and requires great intensity. An extensive 
series of batteries must be used to eSect this object. 

(63.) Depending upon the same causes as the last, is the 
shock ; which is a convulsive twitching in the muscles from 
the intensity of the battery. This singular effect requires 
generally a series. It is felt only when contact is either 
made or broken ; but if a cut exists in the finger, a small 
series will illustrate this property. 

When we desire to exhibit the effect of the shock upon & 
dead animal, a pin ought to be run through the skin at the 
head, and another at its hind leg ; every time the poles of a 
battery are connected or disconnected with these, strong 
convulsions will take place. If the upper lip be touched 
with a piece of zinc, and the under part of the tongue with a 
piece of platinum, or vice versd, a flash of light will be per- 
ceived when they are connected, whether the eyelids be open 
or closed. No explanation can be given of this singular 
phenomenon. All these phenomena are termed the physiolo- 
gical effects. 

(64.) A galvanic battery has the power of producing certain 
effects which are called magnetic effects, and the supposed 
principle of magnetism. To describe the term magnetism 
would be impossible, like galvanism, or electricity, because 
wc are only cognizant of it by its properties. There are but 
two metab capable of being magnetic, aud these are nickel 
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and iron. The identity of magnetism and electricity has, 
like all other branches of philosophy, received many 
important additions from the indefatigable Faraday; but 
although magnetism is fraught with interest, it will be foreign 
to the purpose of this work to enter farther into its important 
details, than to illustrate the effects of galvanism. 

(65.) The voltaic current, passing at right angles to a piece 
of iron, from which it is separated by any non-conducting 
substance, induces in it the properties which are termed 
magnetic ; for if another piece of iron be now held to it, it 
will be attracted. The more frequently the same current 
passes round the iron, the greater will be the power ; and for 
this purpose it is usual to twist wire covered either with silk 
or cotton round the iron, in order that the same current may 
pass at right angles a great number of times. When the 
current ceases, from the connection with the battery being 
broken, a difference according to the nature of the iron is 
observed; for if it be the pure malleable soft iron, all 
magnetism immediately ceases; hence, iron so situated is 
termed a temporary magnet ; but if hard steel is used for the 
experiment, the magnetism indeed is not so powerful, but it 
continues for a very long period ; hence in this state it is 
called a permanent magnet. 

(66.) A permanent magnet if suspended in such a way that 
it can vibrate, has one of its poles turned to the north pole of 
the- earth, the other to the south pole; but if a galvanic cur- 
rent be passed round this permanent magnet, in the direction 
of its axis, the magnet will be instantly deflected at right 
angles from the current, and upon this principle an instrument 
has been constructed called the galvanometer. 

(67.) The direction in which the needle is deflected, is best 
remembered by a little device which Professor Daniell de- 
scribes in his lectures ; for by supposing that we ourselves are 
the conducting wires, and the electric current passes from our 
head to our heels while we are looking at the magnet, the 
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north pole will be turned to our right hand. This ingenious 
device is applicable to every position, provided we are either 
above, or underneath the plane of the needle. 

(68.) Galvanometers are differently constructed, according 
to the delicacy of the experiments for which they are required. 
In general it is sufficient to use a needle centered as if it were 
to be used for a mariner's compass, and a long covered wire 
is to be passed alternately over and under it, iu the direction 
of the long axis. The two ends of the wire may be connected 
to mercury cups, to afford a ready means to unite them with 
the poles of the battery, 

(69.) A mucli more delicate form of galvanometer b con- 
structed [by using two needles, so suspended, that the north 
pole of one is over the south pole of the other. 

The polarities arc thus neutralized, and no longer under 
the influence of the earth's magnetism. In tliis state they 
are called astatic, and are generally suspended by the finest 
fibre of silk, so that the slightest voltaic current will act upon 
tliem. 

It is advisable to allow one needle to have a slight prepon- 
derence, in order that the long vibration may not be trouble- 
some. An instrument like this is only necessary for the most 
minute experiments. 

(70.) Another form is termed the tortion galvanometer, 
because a resistance is afforded by the twisting of an elastic 
substance. By this we are enabled to appreciate differences 
in slight currents. 

(71.) However useful the instrument may be for all small 
currents, large quantities of electricity are seldom measured 
by magnetic effects ; but I believe that the right use of the 
magnet is a very inijiortant addition to our instruments for 
measuring galvanic currents. To estimate the quantity of 
electricity in any voltaic current, a piece of soft iron is to be 
bent in the form of a horseshoe, and a good sized covered 
copper wire is to be wound round it, tlie two ends being left 
free for connection with the battery. A piece of soft iron 
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with a hook attached to it is to be used for the keeper, and 
the weight which this sustains indicates the amoimt of 
electricity. 

This instrumeDt is only valuable for comparative expe- 
riments; as different results will always be obtained by 
different magnets, because the quality of iron is found materi- 
ally to influence the results; bat if the same magnet be used, 
and the wire of sufficient dimensions, and of moderate length, 
there will be scarcely any appreciable resistance offered to the 
current; and the relative quantity of electricity evolved, inde- 
pendently of its intensity, can be accurately ascertained. 

(72.) Temporary magnets are too frequently made with 
very thin covered wire, and even great lengths employed. 
Now in this case, the amount of magnetism induced by any 
current, ceases to be an exact measure of the quantity of 
electricity passing, because intensity is required to overcome 
the resistance afforded to the passage of the current from the 
wires; and it is from this cause that electro-magnetic engines, 
possessing, as they do, several magnets, and very often thin 
wires, require several cells before the current passes at all. 

(73.) To give a comparative estimate of the value of tliia " 
test of the quantity of electricity evolved, and that of whereby 
the jiower is estimated by decomposition, perhaps is premature, 
till the latter mode is fully entered into; but as the mag- 
net requires but little intensity, and that entirely depending | 
upon the size of the wires, it is apparent that one cell of ' 
each combination, or form of battery, will suffice for the 
experiment ; if however, the decomposition of water be taken 
as the test, a sufficient number of cells must be employed, 
to overcome the resistance; and thus, if many combinations 
are made the subject of experiment, it will be attended with 
great cost. 

(74.) If the various effects which have been already de- 
scribed are fraught with interest and mysterious obscurity, 
how much more is the property which the battery possesses, oi J 
decomposing various substances, and of overcoming the moBt 1 
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powerful affinities by which bodies are united ! To this part of the 
subject we are again indebted to the labours of which the Royal 
Institution lias been tlie principal seat, and Sir Humphrey 
Davey and Faraday the authors, though Daniell and many 
otliers have been by no means behind hand in the field of 
enquiry, 

(75.) The decomposing cell ia to be reckoned as one of the 
cells of the battery, with variation in the metals and solution, 
for the purposes of experiment. Formerly the size of the plates 
of this cell was reckoned but of little importance, mere wires 
were employed, but now the plates are made much larger. 
Tlus fact has been particularly insisted upon by Mr, Grove, 
and certainly it ia a circumstance to be fully attended to, 

(76.) There are many forms of the decomposition cell which 
are useful, according to the purpose for which it is wanted. 
The simplest is the V shaped tube, which is nothing but a 
glass tube, bent in the shape of the letter fi-om which it 
derives its name, A little strip of platinum is to be placed 
in either part, with the fluid, and these are to be connected, 
one with the negative, the other with the opposite pole of 
the battery. 

(77.) The next form was devised by Professor Faraday, 
and is adapted to measure the quantity of gas given off when 
water is decomposed. To this he gave the name of voltameter, 
as indicating the amount of electricity passing. Of this form 
there are many varieties, differing as a small or large quantity 
of gas is required to be measured. In the fonner case, two 
pieces of platinum are fixed about a quarter of an inch apart, 
and a tube, graduated to cubic inches, is supported over these 
poles BO that the gas may be collected. Sometimes two tubes 
are employed, one over each pole, the object of which, is to 
collect separately whatever may be evolved. In other cases, 
where large quantities have to be estimated, a bent tube passes 
from the top of the apparatus to a graduated jar, placed in a 
pneumatic ti-ough. This instrument is made more complicated 
when lliL- operator is deiiirous of iuvestigatiiig the change,-^ 
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which take place in the solution; for then porous tubes of 
earthenware, bladder, &c. are used to separate the poles, and 
to prevent the solution on one side passing freely to the other. 
Substances requiring heat to bring them into a state fit for 
decomposition, are generally placed in a tube containing two 
fine platinum wires, which serve as poles, when connected to 
the battery. 

(78.) Having described the usual apparatus to effect de- 
composition, we have seen that in every case they have, in 
common, two pieces of platinum, separated from each other, 
but capable of being connected to either extremity of the 
battery. These pieces of platinum have the mysterious and 
incomprehensible names of poles; one of which may be 
considered as holding the place of the negative metal, and 
is called the electro-negative pole; and the other, the electro- 
positive pole. 

(79.) However, Dr. Faraday disapproving of the name of 
poles, has called the electro-negative the cathode; and Professor 
Daniell disapproving of both, has called it the platinode. These 
three terms, the electro-negative, cathode, and platinode, are 
synonjHDQOus, and are given to that pole which would have 
been the metal unacted upon, had it been in an ordinary cell 
of the battery. The opposite pole, holds the same place in 
the decomposition cell as zinc in the ordinary battery, and 
technically has the name of the electro positive, anode, or 
zincode of the battery. 

Dr. Faraday has described the poles, as the passages or 
doors by which the electricity enters into, or passes out of the 
solution suffering decomposition. On this account he has 
given the term of electrodes. Good conductors are the best 
adapted for poles, and for this reason, metals are generally 
employed ; but poles of water, and even of air, have served 
this office. 

(80.) The metal employed for Faraday's voltameters should 
undergo no change, either from the solution in which it is 
placed, or from the elements which may be evolved at its sur- 
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face; and in this respect, platinmn answers above every other 
substance, for almost all otiier metals are liable to be oxydized, 
or even dissolved. 

(81.) Tlie greatest confusion has arisen by not considering 
the decomposition cell as one of the cells of the battery, but 
refering the effects to the plate of the battery to which the pole is 
connected. The reason ofthisisobvious; forwhcn the terminal 
plates of a battery are connected with a wire, the circuit is 
completed, and the platinum of the battery is the platinode, 
electro-negative, or cathode of the battery. When the circuit 
is completed, by a liquid to be decomposed, the effect is no 
longer to be attributed to the terminal plates of the battery, 
but to the plates in tlie decomposition cell with which they 
alternate; so that as, the free zinc of the battery ia connected 
with the platinum of the decomposition cell, the name must not 
be given from the zinc of the battery, but from the platinum 
of the decomposition cell; and therefore it is the platinode of 
the battery. The converse of this applies to the extreme 
platinum of the battery; for as the platinum in the decompo- 
sition cell with which it is connected, holds the place of the 
zinc in the other cells, the platinum being substituted for zinc, 
to cause the evolution of the oxygen, and to prevent its com- 
bination, the name must be given to the platinum in the de- 
composition cell, which is there holding the jJace of the zinc, 
and not to the terminal plate of the battery; it therefore is 
the zincode, electro-positive, or anode of the battery. Some 
have given a different explanation of this alteration of the 
poles, when the circuit is completed, by a solution to be 
decomposed, instead of metallic wires; they suppose that the 
two terminal plates in a compound battery, hold no farther 
place than that of carrying tlie current; but this will not bear 
the test of enquiry. 

(82.) "We have now seen that the decomposition cell, or 
decomposing apparatus, ia nothing but one of the cells of the 
battery, varied for the purpose of experiment; it neces- 
sarily follows the law, that in every cell there is a similar 
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amount of chemical action. The measure of electricity, by the 
chemical action, may be made in any otlier cell; and wherever 
made, it will indicate exactly tlie action taking place. 

(83.) Of the valne of the decomposition apparatns, or 
voltameter, it ia necessary particularly to take notice. As 
far as the amount of chemical action passing is concerned, 
tlie voltameter is a moat valuable test. But if we are 
desirous of comparing the amount of electricity capable of 
being generated, by combinations of different metale, or 
the effects which are produced by differences of arrange- 
ment, or the resistance which various substances offer to the 
passage of the current; then it must be recollected, that if 
two platinum poles are employed, a strong resistance is offered 
to the passage of the current, which would materially interfere 
with the accurate result, unless tliat be overcome. A want 
of application of these facts has led many distinguished 
scientific chemists into singular blunders, and many circum- 
stances have not been appreciated, which would otherwise 
have been noticed. 

(84.) A far better voltameter can be constructed by using 
one of the cells of the platinized silver battery, and collecting 
the gas evolved from the negative plate. This apparatus would 
offer but little resistance to the passage of the electricity, and 
would thus give more accurate results. 

(85.) When we state that the action in each cell is alike, it is 
not meant that the same weight of metal or salt would be de- 
composed in each cell.but that one equivalent of some substance 
is decomposed in each cell ; thus, for one grain of hydrogen 
liberated in one cell, thirty-six grains of clilorine would be 
liberated in a second ; ninety-six grains of platinum in a third, 
and 200 of gold in a fourth, because these are the chemical 
equivalents, or combining numbers of each of these separate 
substances. 

(86.) The very term chemical equivalent seems to mark that 
it relates to sometliing not very intelligible, and unfortunately 
that is found to be too correct, for this doctrine is found by all 
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beginnerB to be exceedingly difficult. However, by grantingone 
supposition, the whole mystery is cleared up ; for let ua fancy 
that every elementary body is capable of being subdivided 
into ultiuiate atonas, and that the atoms of these are of different 
sizes and different weights ; it will then be apparent that if w e 
group these atoms together to form any compound, we shall 
require different weights. Thus, if we combine gold with 
hydrogen, 200 grains of the first would take only one 
grain of the last, and yet there would he but one atom of 
each; or if one grain of hydrogen is liberated in the 
battery, 200 grains of gold would be deposited in the decom- 
position cell. 

(87,) The following is a table of the equivalents of the sub- 
stancea which we shall have to speak of in this work. For our 
present purpose we may consider them as the weight of the 
primitive atoms. Thus, if we are able to ascertain the weight 
of zinc dissolved, of hydrogen evolved, or of the metal reduced, 
we shall be enabled to ascertain either of the other cases, 
or how much, either in weight or bulk of any other sub- 
stance, would have been under the same circumstances tlirown 
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Hydrogen 

Oxygen 

Chlorine 

Potassium 

Sulphur 

Zinc 

Lead 

Tin 

Iron 

Copper 

Gold 

Platinum 

Palladium 





EqQivalent, by Weigbt. 




1 


Silver 


110 


8 


Nickel 


28 


36 


Cliloride platinum . . 


132 


40 


Chloride gold . . . 


308 


16 


Sulphate copper . . 


125 


32 


Nitrate copper, anliydroug 


94 


104 


Sulphate zinc . . . 


143 


58 


Sulphate iron . . . 


1.39 


28 


Nitrate silver . . . 


170 


32 


Sulphuric acid . . . 


40 


200 


Nitric acid .... 


54 


96 


Muriatic acid . . . . 


37 


54 


Ammonia .... 
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As 100 cubic inches of hydrogen weigh 2 grains and l-lOth, 
it follows that for every 47 cubic inches of gas evolved from my 
battery, that 32 grains of copper, 96 of platinum, and 200 of 
gold, would be reduced ; and the equivalent of every other 
substance would show in grains the quantity thrown down. 

(88.) Next to the form of apparatus for decomposition, a 
description of the laws by which they are influenced follows 
as a natural sequence, and these have been fully investigated 
by the labours of Dr. Paraday. All bodies must be in a 
peculiar state to suffer decomposition, for no solids can be 
thus acted upon.. When fused by heat they very readily give 
up these elements ; as for example, chloride of silver which is 
decomposed by a single cell of zinc and platinum, excited by 
dilute sulphuric acid, though no voltaic power will separate 
them in the solid form. 

There are apparent exceptions to this law, as the decom- 
position of sulphate of lime and baryta, with the addition of 
water, yet the first of these is undoubtedly moderately soluble. 
The same perhaps cannot be said of the latter, though pro- 
bably a little dissolves which is decomposed, and thus the 
fluid not being saturated, dissolves more, and this is repeated 
till the whole is dissolved. 

(89.) No fluid will be decomposed, unless it be a conductor ; 
thus, pure water which is a very bad conductor, does not 
yield up its elements ; whilst if acids or alkalies be added to 
it, then it becomes a very excellent conductor, and is easily 
decomposed. Water may also be made a good conductor by 
the neutral salts. 

As a general rule, fluids will not conduct an electric cur- 
rent, without sufiering decomposition, and for this cause, 
as soon as water is made a good conductor, it is decomposed ; 
and the water does not conduct more electricity than is to be 
accounted for by the decomposition. 

(90.) Some fluids, however, of good conducting power, may 
have a current of less intensity than what is required for the 
decomposition passed through them, therefore these two laws, 
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both developed by Faraday, are not exactly the converse of 
each other. Examples of the exception to the second are to 
be found in chloride of lead or fused nitre, which conduct 
feeble currents without decomposition. 

(91.) A certain intensity is necessary to effect decomposi- 
tions, and this differs with different substancea ; thns, a solution 
of iodide of potassium, or fused chloride of silver, yields to a 
single battery, whilst dilute sulphuric acid and other sub- 
stances require more intensity to effect the same object. 

The following, upon the authority of Faraday, is a short 
list of substances, in the order in which they most readily 
give ap their elements : — 

Iodide of potassium, solution 
Chloride of silver, fused 
Pro-chloride of tin, do. 
Chloride of lead, do. 
Iodide of lead, do. 
Muriate acid 

Water, acidulated with sulphuric acid 
(92.) Some bodies suffer decomposition directly, as the con- 
sequence of the voltaic force passing ; as water, which gives 
up its elements, hydrogen and oxygen, solely from the elective 
currents. To this Dr. Faraday has given tbe term electro- 
lysis, because the elements appear to be rent from their com- 
bination directly by the voltaic-force, in contra-dietinction to 
another important property, which will be hereafter men- 
tioned. The elements which are decomposed he has called 
ions ; they are not both evolved at one pole, but one at tlie 
electro-positive, anode, or zincode, while the other is given off 
at tbe electro-negative, cathode, or platinode of the battery. 
Those which pass to the first pole, are called anions, those to 
the second, cathions. 

(93.) The poles or electrodes, have no attraction for ele- 
mentary bodies as long as they are in their simple state, for 
bodies must be in combination to be affected by the vollaJc 
current. Upon this account, a simple solution of chlorine. 



1 



ANIONS, CATHIONS, &C. 35 

bromine, &c., does not give up these substances to either 
electrode. 

(94.) Those bodies capable of suffering decomposition must 
contain one equivalent of each element, that is, composed of 
one of the hypothetical atoms, T^ieh I have previously men- 
tioned ; (87.) and to this general law but a single exception can 
be found in the periodide of mercury, which, however, is so 
unstable a compound, that the slightest eitposure to light will 
cause its decomposition, which alone would be calculated to 
throw doubt on the validity of the experiment. 

Sulphuric acid and phosphoric acids are not themselves 
electrolytes, that is, they do not directly yield their elements 
to the force of the battery, because they consist of one equi- 
valent of phosphorus or sulphur to three of oxygen. 

(95.) It is not necessary that a substance should be directly 
composed of elements to enable it to pass to the electrodes or 
poles ; or in other words, bodies composed of compound sub- 
stances are ions, as well as those composed of simple sub- 
stances ; thus, sulphuric acid, phosphoric acid, arsenic acid, 
and other acids are ions to the electro-positive pole, or 
anode, while protoxides generally, ammonia, potassa, and 
many other substances are ions to the opposite pole. The 
following is a list of simple and compound ions given by Dr. 
Faraday : — 

Anions : 



Oxygen 
Chlorine 
Iodine 
Bromine 


Fulorine 

Cyanogen 

Sulphur 


Selenium 

Sulphoganogen 

Acids 




Cathions 


\: 


Hydrogen 
All the metals 
Metallic oxides 
The earths 


Alkalies, 

Vegito alkalies, as 
morphia, &c. 
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(96.) The same substance, under different circnmstances, 
will be evolved at different electrodes; as at one time it may 
take tlie part of a base, at another it will perform the function 
of an acid. A familiar example of this is afforded in the 
oxide of copper; for when combined with sulphuric, nitric, 
muriatic, or any other acid, it is evolved at the negative pole, 
or cathode; whilst, when in combination with ammonia, it 
acts the part of an acid, and is evolved at the anode or positive 
pole. 

(97.) If we find a body at the pole of a battery, it is by no 
means certain that it has passed by direct decomposition of 
the voltaic current; because, if the compound of which it 
formed a part, was dissolved in water, the elements of the 
latter being set free, often act in an important way to form 
new combinations, which thus result from the secondary effects ; 
thi^ an aqueous solution of a metallic salt, for instance, copper 
being subjected to a voltaic current, has liydrogen presented 
at the catbode, and oxygon at the anode. But at the same 
time this change is taking place, oxide of copper is passing to 
cathode, and sulphuric acid to the anode. The hydrogen 
seizes upon the oxygen of the oxide of copper, and forms 
water, whilst the metallic copper is thrown down on the 
electrode or pole, not by direct voltaic action, but as a second- 
ary effect, attributable to the hydrogen. Sometimes the 
elements will combine with the poles or electrodes, forming 
new combinations ; thus, if the poles be easily oxydated, the 
oxygen will form an oxide, and in the same way if any other 
substance be presented to the gases for which they have strong 
affinity, a similar combination will take place. Hence this 
class of effects, which are far more numerous than electrolyti- 
cal effects, are called secondary, or electro -chemical decom- 
positions. Sometimes tliese secondary results are most com- 
plicated, and perhaps none more so than the extraordinary one 
which I have described to take place with the oxygen, on tlie 
rommon yellow ferrocyanate of potash ; as this, by combining 
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with a portion of the potassium of the ferrocyanate, gives rise 
to a totally new definite salt.* 

(98.) The secondary effects of oxygen and hydrogen have 
been proved by numerous well devised experiments, but still 
no positive demonstration was obtained, that the hydrogen 
evolved from the decomposition of water, would reduce the 
metals with the voltaic current. However, whilst experiment- 
ing on the non-metallic elementary bodies, the porous cokes 
and charcoal were observed to retain a portion of hydrogen, 
after they had formed either the negative or positive pole 
of the battery .f When these afterwards were plunged into 
a solution of sulphate of copper, they became immediately 
coated with the metal, adding positive confirmation to inductive 
reasoning. 

(99.) Professor Daniell, in a paper read before the Royal 
Society last spring, has given an entirely new view, as to the 
mode in which the metallic salts are sometimes decomposed. 
He supposes that the acid and oxygen pass one way, and the 
metal the other. From these considerations he has given a 
new view of the composition of the salts: thus, sulphate of 
copper, instead of consisting of sulphuric acid + oxide of 
copper is supposed to be constituted of (sulphuric acid + 
oxygen) + copper. The two first elements, as they are con- 
sidered to be in combination, are called oxysulphion, and the 
salt oxysulphion of copper. In the same way, the radicle of 
the nitrates is called oxynitrion — of the carbonates, oxycarbion 
— of the oxalates, oxalion — of sulphovinates, sulphovinion. 

In the same paper, another important fact is detailed ; which 
is, the property the electric current possesses, of decom- 
posing two substances in the same solution; thus, both a 
metallic salt and acidulated water may be decomposed at the 
same time, the current dividing itself between them. 

(100.) We have now seen that substances may be decom- 

* Philosophical Magazine for September, 1840. 
t Philosophical Magazine for May, 1840. 
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posed in two ways, either from directly yielding their elements 
to the voltaic current, when the compound consists of single 
equivalents, or by secondary action arising from changes which 
occur oftentimes, as a result of a new decomposition, or com- 
bination of the elements of the first substance decomposed 
upon other substances within their sphere. 

(101.) The fluid between the electrodes, whilst decompo- 
Bition is taking place, apparently has no change ; that 
is, the effects of the decomposition are only manifested at 
the poles ; thus, if sulphate of copper be electrolysed, sul- 
phuric acid passes one way, oxide of copper another ; yet , 
neither acid nor oxide can be found in any part intervening. 
These experiments are best conducted in a long flat vessel 
with two porous plates which divide it into three departments, f 
of which the two exterior receive the electrodes. 

(102. The temperature at which the solution to be decom- 
posed is kept, materially interferes with its conducting 
power ; a fluid which is a good conductor at ordinary tem- 
peratures, will scarcely admit the passage of the galvanic 
fluid at the freezing point, whilst at the boiling point a passage i 

will be afforded with the greatest readiness. It becomes 
therefore, a very important matter to keep solutions at a high 
temperature, when we are desirous of effecting much de- 
composition in a short time, and at a slight expense. 

(103.) Ohm, in an elaborate and obscurely worded paper, 
has given the mathematical formula for the galvanic current. . 

His general formula may be thus expressed. The intensity 
of action (A) is equal to (the electromotive force (E) multi- 
plied by the number of batteries) (n) divided (by the resistance 1 
the current has to overcome, external to the liquid of each " 
battery (r) plus (the resistance encountered by the peculiar 
arrangement of each cell multiplied by the number of 
cells (r ) ) ). 

It would be thus: — 
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Such is a brief account of the leading effects which 
are called galvanic, with the various properties which are 
either subservient or detrimental to the voltaic current. 

Its application to the arts is one of the greatest improv<*- 
ments of modem times, ,and although much has been done 
in this important and extensive field of enquiry, yet this alone 
suffices to show, that as we progress, the path to be pursued 
widens and enlarges, exposing to view an iounense tract, 
fertile exactly in proportion to the labour and ability employed 
in its cultivation. 
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ON ELECTRO METALLURGY. 



CHAPTER I. 

ON THE APPARATUS TO BE EMPLOYED FOE THE REDUCTIOH 

OF THE METALa. 

Electro-metsllurgy requires it knowledge of galvanisni, 104. Tlie idea of electro- 
raetallurgy, suggeBleii by Daniell's battery, 105, Tlie porous tube or single 
cell upparatus, 108 — 113. Capillary tube apparatus, ll.'J. Plaaler apparatus, 
114- Compound battery apparatus, 115, 116. Single battery apparatna, 117, 
118. Precipitating trough, 119. Single cell and battery conjoined, 130, 
Mifon'a lUTangeiuent, 121. Uanageoient of Ibe apparatus, 193, 129. Lines 
on tbe redoeed metal, how to be avoided, 124. Adheaion and uon-adbesion of 
tbe reduced metal to its moold, I2S — 128. Apparent adhesioo, 128. Lateral 
grovtb of Ibc reduced metal, 129. 

(104.) Electro-metallurgy depending essentially on gal- 
Tanic agency, is subject to the operation of tbe same princi- 
ples, and governed by the same laws which have already 
been laid down in the book which treats of galvanism and 
galvanic batteries ; the successful reduction, therefore, of 
the metals, must depend entirely upon a thorough knowledge 
of galvanism, and galvanic apparatus. We should recommend 
our readers then, before they enter upon this department, to 
make themselves thoroughly conversant with the contents 
of the first book; for what operation can he successfully 
performed without a complete knowledge of the nature of 
the implements with which that operation b to be per- 
formed. 

Independently, however, of these general galvanic proper- 
ties already iidverted to, there are certain particular ones 
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appertaining either to the different metals, or to the different 
qualities of the aaine metals, which have to be considered 

detail, aa well as the apparatus to be employed for preci- 

itations. 

(105.) The idea of electro-metallurgy appears to have been 
first suggested by the use of Professor Daniell's battery, for 
during its action the outer copper vessel, which is the nega- 
tive metal, becomes coated with an additional layer of metallic 
copper ; hence, as this new deposit is placed in close appo- 
sition to the vessel, a cast is produced. If we call to mind 
the construction of the battery, we see that it consists es- 
sentially of two vessels, the inner being porous, and contain- 
ing dilute sulphuric acid, while the outer contains the solution 
of sulphate of copper, and the negative metal. 

(106.) If sulphate of zinc be present in a solution of sulphate 
of copper, the texture of the copper has been described by 
many authors to be so brittle, as to be crumpled up in the 
hand. For this reason, the nature of the porous tubes ought 
to be such as to preclude the possibility of the salt of zinc, 
which is produced by the chemical solution of the zinc, being 
mixed with the sulphate of copper. The effect of the salt of 
zinc in causing the brittleness of the copper, appears from 
my experiments, to be altogether overrated, and though it 
would be undoubtedly preferable to prevent, as far as possible, 
the mixing of the solutions, yet I am not prepared to state 
that it is of any material consequence. 

(107.) The substance best adapted for the separation of the 
solutions, in an electrotype apparatus, is animal membrane, 
though a coarse gold beater's skin, from the larger intestine of 
the ox, or a thin bladder may be used with impunity, provided 
they are about the same texture. We have already mentioned, 
in a former part of the work, that the more porous this vessel 
is, the greater the quantity of electricity developed, and 
the greater, therefore, the quantity of copper deposited, as 
the amount of deposit is always in relation with the quantity 
of electricity generated. The following is the order in uhich 
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dilfereTit substances stand with regard to their capabilities of 
admitting the passage of electricity ; — 

Brown paper 

Thin plaster of Paris 

Gold-beaters skin 

Bladders of Tarioiis thicknesB 

Thick plaster of Paris. 
(108.) or the various forms of apparatus, which may be used 
for the precipitation of the metals, the most simple is Daniell's 
battery, having a porous earthenware tube, to contain the 
acid and zinc, whilst the cast is placed externally to this, and con- 
nected by a piece of wire to the zinc, (fig 1 .) Thus, for instance, 
take a pound pot, and half fill it with a solution of sulphate 
of copper ; in this, place the earthen vessel, with the acid and 
zinc, and this constitutes the whole of the present form of 
apparatus; for when we desire to make an electrotype, it is 
only necessary to place the cast in the outer vessel connected 
with the zinc, and then action will immediately commence. 
Saturation of the liquid may be preserved by suspending some 
of the salt in a linen bag over the mould. This form is ob- 
jectionable, because the salt of zinc speedily passes through 
to the outer vessel ; but it has the advantage of allowing the 
mould to be placed vertically, in which position it b much 
less liable to have particles of dust settling upon it. 

(109.) There is another form where bladder takes the place 
of the earthenvessel, and where the posltionof the cast is hori- 
zontal, (fig 2.) Here, the outer vessel, which issquare, ismade 
of wood, coated internally with cement ; on one part of the 
edge of which, a piece of brass is fixed, in which are two 
holes, one for connection with the wire of the cast, the other 
for that of the zinc of the battery. In the interior of the 
trough, a moveable shelf of mahogany is placed, on which is 
supported a glass containing a zinc plate, and crystals of sul- 
phate of copper to be dissolved. The glass has a piece of 
bladder tied over the rim, and this forms an outer vessel 
similar to the iK)ruus tube in the former apparatus. It in like 
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manner cont^ns the acid and zinc ; the latter being connected 
by a Bcrew to a wire, in such a way that it can be readily 
removed. This apparatus is preferable in many respects to 
that first described ; because the sulphate of zinc cannot pasa 
through the membrane readily to the copper, and facilities 
are oifered for changing the zinc and acids, &c. In this appa- 
ratus, care must be taken that the mouth of the glass be wide 
enough to afford a radiating point from the zinc to every part 
of the cast, as it has been already noticed, that want of atten- 
tion to tliis, would be attended with inconvenience. (17.) The 
only circumstance to be observed is, that the zinc be equidistant 
at every place from the metal on which the reduction of the 
new metal is to be effected, so that the deposit may be every 
where equally thick. 

(1 10.) The solution, in every single cell appaf atue, should be 
acid, and the solution of the metallic salt ought to be maintained 
in the required degree of concentration, by keeping some 
crystals of the salt undissolved in the solution. If these crystals 
are allowed to sink to the bottom of the vessel, they will not 
answer the intended purpose of maintaining a saturated solu- 
tion ; for the portions of the fluid which have been deprived 
of their metallic salt, rise to the surface, whilst the saturated 
parts remain in contact with the crystals at the bottom, thus 
preventing their solution. This difHculty may, however, be 
readily overcome, by placing the crystals to be dissolved in a 
little bag, on a shelf at the top of the liquid, by which means 
tlie saturation of the fluid will be ensured. 
. (111.) Another form might be made by dividing a box into 
two compartments, by a flat porous slab of earthenware, 
similar in composition to the porous tubes of a Daniell's 
battery. Into one compartment the solution of sulphate of 
copper and negative metal is to be put, and into the other 
dilute sulphuric acid. The advantage of this apparatus would 
consist in the facility gained in the manipulation ; and for the 
arrangment of the zinc and copper, so that they may be at every 
place equidistant from each other — a cij-cumstancc of great 
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importance in the manufacture of large plates, wliicli may thus 
be accomplished with ease. The porous diaphragm might be 
exchanged for a more ready but less durable one of plaster 
of paris, paper, or bladder. 

(112.) Other forms may suggest themselves to the operator, 
for in whatever way a Daniell's battery is constructed, a similar 
form will equally answer for the electro-metallurgist, (38.) 

(113.) An apparatus for very weak currents, I Boraetimea 
use with great advantage, when the change takes place at the 
cathode of the battery. It is made in a very simple man- 
ner: the solution to be decomposed, is placed in a tumbler; 
a piece of glass tube is then drawn at cue extremity to a 
capillary bore. This fulfils the office of the porous tube, and 
contains the zinc (which in this arrangement is merely a piece 
of amalgamated zinc wire) and a very dilute acid solution. 
The quantity of electricity generated by such an arrangement 
as this, is necessarily very small indeed, for the construction 
is in every way unfavourable to its developement ; first, the 
diluteness of the acid solution materially lessens the quantity ; 
then, the hole through which the current has to pass is so 
small that much force is required to blow any liquid through 
the aperture, even by drops, and therefore a great impedi- 
ment ia offered to the passage of the current. Moreover, a 
very fine platinum wire is employed to effect communication ; 
and lastly tlie substance, which is the subject of experiment, 
is not placed opposite to the capillary hole. The mode in 
which the capillary tube arts in lessening the current, seems 
to be by interrupting or breaking the continuity of the fluid' 
90 that but a feeble amount of the current can pass. The 
regulation of the quantity of electricity can be perfectly 
effected by regulating tlie bore of the tube. 

(114.) Sometimes, when a very feeble current is required, a 
glass is filled up at one end with a thick piece of plaster, 
which fulfils the office of a porous tube. This apparatus 
was first employed by Dr. Golding Bird. Where we only 
require to lessen slightly the quantity of electricity, we content 
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ourselves with extending the distance between the electro- 
positive and negative metals. In other cases we use a 
thick bladder or thin communicating wires, and we conjoin 
the whole or a part of these contrivances for lessening the 
power. 

(115.) In all these cases the metals are precipitated at the 
negative metal of a simple battery. In like manner, by what- 
ever other method we can render a plate negative, there will 
the metal be precipitated ; and thus, if a battery, sufficient to 
decompose acidulated water, be constructed with two platinum 
poles, at one pole oxygen, and at the other hydrogen will be 
evolved; and at the latter the metal will be precipitated. It 
has been mentioned before, that one cell of Grove's, two or 
three of Darnell's, or of my form of battery, will decompose 
acidulated water between platinum poles ; but still, with that 
degree of intensity only, a feeble quantity of gas is given off. 
Now where we wish to employ feeble currents, the series just 
mentioned may be used with great advantage. 

(116.) Where we require great intensity, but very feeble 
quantity, we may use a number of cells, exciting the battery 
either by simple water, or acidulated with a single drop of 
acid in each cell. The oxygen, in this method of reducing 
the metals, is always evolved at the positive pole, (fig 7.) In 
most cases however, we require to precipitate a large quantity of 
metal, and then it becomes a matter of importance to effect 
that object by the smallest series. 

(117.) For most purposes the preceding methods are never 
adopted; but when silver, or any other metal of greater 
affinity for oxygen is required to be precipitated from its 
solution, advantage is taken of the affinity which the metal 
has for the oxygen ; and instead of using a platinum pole at 
the oxygen end of the battery, we employ a piece of metal of 
the same nature as that which we wish to precipitate, which per- 
forms the functions of the positive plate or zincode in the trough. 
As the solution of metallic salt is continually depositing its 
metal, the piece which constitutes the positive pole is dissolved 
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[ by the acid and oxygen which held the rednced metal in 
' solution, and the liquid is thu3 kept continually saturated. 
One battery is amply aufficient for this mode, for there is but 
little resistance to overcome, (fig. 3.) (fig. 4.) (fig. 6.) A series 
of precipitating troughs, arranged like a compound battery, 
may be employed occasionally with only one battery. 

(1 18.) To illustrate this method, let us suppose that we have 
to take a cast in copper. A solution of a salt of copper is to 
be placed in a convenient vessel, and the object on which the 
precipitation ia to take place, is to be connected with the zinc 
of the battery, whilst a piece of sheet copper is connected with 
the silver. As soon as action commences, water is decom- 
posed, oxygen passes to the copper pole and oxydizes it, and 
the hydrogen passes to the negative plate. Whilst the de- 
composition is taking place, oxide of copper is passing to the 
negative pole, and the acid to the positive pole; the hydrogen 
reduces the oxide of copper at the negative plate, whilst the 
acid combines with oxide of copper at the positive end, and 
thus the saturation is continued.* 

(119.) The apparatus used as a precipitating trough, must 
vary in shape, according to the size and form of the object to 
be copied, and the solution according to the metal to be 
thrown down. (fig. 3, b.) (fig. 4, b.) (fig. 6, b.) (fig. 7, b.) 
These will demand a particular description; but here we 
must say a few words as to the materials best adapted for 
this vessel, viz. the precipitating trough, and certainly glass 
i preferable in all respects, excepting its brittleuesa and 
its expense; these two qualities rendering it raueh less 
I generally applicable than it would otlierwise be. Porcelain 
of some kinds, such as Wedgewood's, &c. is found to be equal 
to glass, possessing its unalterable properties. However, 
even this is too expensive and we have recourse generally 
to the common earthenware. Doubtless many will be 

* It hu been mentioned before, (Oe.) thatProfeanor Dftniellhoagiveu a different 
ttieoreHcal explanation nf (heee di>coinpoBitioni<, Uioiigli practically, ftic chaiigp 
taking place i« Ibe same u here given. 
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astonished, at being informed that moat metallic substances. 1 
will penetrate through the glazing, into the very heart or 
biscuit of the jar, and freely pass to the exterior of the vessel. 
This may be thoroughly prevented by coating the interior 
with pitch. Wooden vessels are even more frequently em- 
ployed than these, because they admit of great variety of form, i 
and can be rendered completely water tight, by a cement 
composed of bees' wax one pound, rosin five pounds, red ochre , 
one pound, and two table-spoonfnls of plaster of paris. A 
common tin trough, or a leaden vessel will answer, but the ' 
interior must, in like manner, be coated either with cement op 
pitch. One advantage of the latter is, that the salt in solution 
has but little tendency to crystallize upon it, which in other cases 
would be a very troublesome property; for occasionally the i 
whole of the salt from a solution will pass to the outer part, j 
which will thus be covered with crystals. 1 

(120.) Another form of apparatus may be employed occasion- 
ally with advantage ; when we require a considerable intensity, 
and do not wish to incur the expense of a large series. It is i 
a union of the simple apparatus and the battery. In the ' 
decomposition cell we have a porous tube, containing the acid I 
and zinc, and in the outer part we have the solution to be 1 
decomposed. The zinc is to be connected with the silver of I 
the battery with the negative plate in the decomposition cell, i 
and thus the circuit is completed. It is manifest that this I 
apparatus increases the intensity; as by using zinc at the ] 
positive pole of the decomposition cell, hut little impediment I 
ia offered to the electric current. I 

(121.) There is yet another mode by which we can precipitate ] 
the metals with the utmost cheapness, though the length of time j 
required is veiy much increased by the process. We use I 
here the Daniell's battery apparatus, or simple cell for the I 
reduction of the metal ; hut instead of connecting the zinc with ] 
the negative metal at once, we make that zinc and metal a | 
battery, to be connected to another decomposition cell. In J 
this we have a second piece of metal as a negative plate, and ] 
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a piece of copper as the positive plate. The metal is cod- 
nected with the zinc of the first cell, and the copper with the 
metal. In this way, with one pound of zinc we obtain two 
pounds of copper. The application, however, of the second 
cell affords an impediment, and therefore the porous tube in 
the first cell should be as thin as possible. This very inge- 
nious apparatus was devised by Mr. Mason, but baa not been 
much used, because it has not been sufficiently known. 

(122.) The whole management of the precipitation of metals, 
depends for its success not only on a right knowledge of the 
principles of quantity and intensity, but also on a right appli- 
cation of thein. The latter property does not influence the 
result, as we shall hereafler see, so much as the former, but in 
most cases this should be rather abundant than deficient. 
The intensity, so far as regards the electrotype, may be in- 
creased in three ways; by increasing the aeries, by using 
exciting liquids, capable of giving greater intensity, or which 
is hy far the best, by using the fluid in the decomposition cell, 
in that state which most favors the convexion of the current. 
The quantity of the current may be increased by enlarging 
the size of the negative plates of the battery, by increasing the 
strength of the acid solution, by using a larger anode, zincode, 
or positive pole in the decomposition cell, or by diminishing 
the distance between this and the negative plate. Each of 
these, separately, are quite sufficient to regulate the quantity 
of electricity passing. The one which I generally employ for 
the precipitation of most metals, is the increase or diminution 
of the positive pole; sometimes I reduce this to a fine wire, 
immersed not more than one-tenth of an inch in the fiuid. 

(123.) To ascertain the exact quantity of electricity jiassing, 
a galvanometer must be employed, especially for very feeble 
currents; but if my form of battery be used, the operator can 
judge with suflSeient accuracy of the quantity of electricity 
passing, from the evolution of hydrogen from the negative 
plate. All instruments are incumbrances to the practical 
mecliantc, and 1 believe that no workman would require any- 
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thing farther, if my battery be used, than the ocular or aural 
test wliich thii hydrogen affords. 

(124.) The position of the substance upon which the metal is 
precipitated, causes, in certain cases, a very singular pheno- 
menon in the deposit; for if it be placed vertically in the 
apparatus, or especially if the upper part overhang the lower 
part of the plate a series of lines will be produced, amounting, in 
some cases, to grooves of an inch in depth. The cause of this is 
easily discovered, if the solution be watched whilst the battery 
is in active operation, it will then be seen that as the hydrogen 
reduces the metal from the fluid, it directly becomes 
colourless, and lighter than the surrounding solution. It 
consequently rises and causes a current, which, like a stream, 
is reflected in various ways, at every elevation or obstacle. 
Having once made for itself a channel, it keeps to it, and 
increases till the lines become of the depth which I have men- 
tioned. This prevents the deposit being of uniform thickness, 
and makes the plate valueless. It may however, in a great 
measure be obviated, by giving the plate a slight inclination, 
or this tendency may be entirely destroyed by placing it hori- 
zontally. When the deposition is very slow, these lines are 
not seen. 

(126.) Tlie new deposit of nietal may sometimes be removed 

gwith the greatest facility, at others it adheres with snch firm- 

Ipess as to form one metallic mass, with its mould, from which 

Wvt cannot be separated by any means whatever. Now we 

require both these properties for different purposes, and 

though heretofore the results have been too much the effect 

of chance, doubtless it is a matter of the greatest conse- 

Ltpience to have such a control over the process, as to obtain, 

Hrith certainty, either, as we may happen to require them. 

V (126.) The adhesion of the original and duplicate is termed, 

■eehuically, buttoning down; the non-adhesion has not been. 

Win yet, vulgarly christened. Both depend on two facts, the 

^wifilming of metals by air, and the possibility of that becoming 

Hi pole. (35.) These properties have been fully entered into in 

E E 
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the first book, but here we have to notice their practical appli- 
cation. If a piece of smooth metal be plunged into water, it 
will resist wetting, and in that state is to be used, when we do 
not wish the deposit to adhere to its mould. In order to take 
advantage of this property, the plate is to be dipped into the 
solution, and the circuit immediately completed. The air 
would now appear to be the pole, and to afford a separation 
between the original and duplicate. Of course the plate 
should be neither heated nor rubbed with potash or nitric acid, 
previously to its submersion ; and above alf, should not remain 
in an acid solution for a single moment before the galvanic 
circuit is completed. Sometimes one or more of these circum- 
stancefi will take place partially, and then a partial adhesion 
or buttoning will ensue. After any plate has been soldered, 
it should be allowed to remain in a cold place for at least 
twenty-four hours, it will then regain its film of air, 

(127.) When we are desirous to employ the opposite property, 
or to cause the new deposit to adhere, we pursue a contrary 
course; we either heat the metal and plunge it into water, or 
rub it with a solution of caustic potash, or with nitric acid, and 
in that state place it in the solution; for then the surface being 
quite clean, allows the deposit to take place on the metal itself, 
and not on the pole of air. It will then adhere so firmly, that 
no mechanical separation can be effected, as some can testify, 
who, ignorant of these facts, have entrusted valuable copper- 
plates in acid solutions, and entombed their device in a mass 
of copper, from which it could never be disinterred. It is not 
by knowing these princii»Ies only, but by putting tliem into 
practice, that the elecfrotyper can attain to any certainty in 
his ope ration sv 

The observations on the infilming of the metals, after 
having been exposed to the air for a short period, applies to 
many cases besides the electro-type. The application ot heat 
to the Daguerrotype plate, before it is exposed to the vajwur 
of iodine, is on the same principle, and doubtless any of the 
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other modes which I have described for cleaning the plate, 
will answer as well. 

(128.) The adhesion, or buttoning of one metallic plate to 
another, must not be confounded with apparent adhesions of 
the duplicate to the original, arising from the copper growing 
round the edge, and firmly embracing it. This is to be reme- 
died in a great measure, in the first instance, by coating the 
edge with a layer of lac varnish or grease, which prevents the 
^leposit taking place at that part. After a considerable lapse 
of time, the plate increases laterally, and covers the coating. 

(129.) The lateral growth of a plate is a property of con- 
siderable importance, for if a particle of non-conducting 
substance be placed upon a metal, it will be covered. In this 
way, drawings made on copper, with varnishes, may be mul- 
tiplied. If a non-conducting substance is to be copied, by 
means of a thin film of conducting substance, a break in the 
continuity of the latter will not prevent the foriuation of a 
perfect plate. For the same reasons, care must ho <aken that 
no air or gas-bubbles adhere to the plate, for in like manner 
they will be infilmed, and leave a little flaw or gap in the 
duplicate plate. To cast metals upon an air bubble, seems at 
first too wonderful to be believed, and in former times, would 
doubtless have subjected the discoverer to destruction, npon 
the supposition that he was in communication with an evil 
spirit ; but in these latter days, we find that it is even more 
difficult to prevent than to effect. 
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CHAPTER 11. 



ON SUBSTANCES CAPABLE OF RECEIVING THE 
METALLIC DEPOSIT. 

SubBtancea on which the deposit niBy take place, 1311—131. Metals, 133—136. 
Non-conducting substances ; SealLig Was, White Wax, l.^G— 139. Absorbent 
Bubstanco, bs Paperend Plosterof Parlo, 139—141. Means of rendering them 
non-absorbent, 141 — 142. Means of copying non-conducting Babstancea, by 
Metals, by Plumbago, 143 — 145. Compariaon between the metbodt, 14S. 

(130.) The voltaic deposit of metal may take place upon 
any conducting substance, wliich is capable of acting the part 
of the negative metal, in the arrangement. The laws which 
relate to this, are the same which regulate, in a similar manner, 
the plates of the battery. The deposit may be effected upon 
most metals, except the earthy and alkaline, and upon any 
alloy or compound of them. It may likewise take place upon 
charcoal and plumbago. ^Vllen the metals are employed, the 
I effect is evident enough, for the arrangement differs in nothing 
' irom that of a Daiiiell's battery. 

(131.) Where we desire the duplicate to possess a surface 

and form exactly like those of the original, it is of the utmost 

importance that the metal on wliich deposit is to take place, 

should not of itself decompose the fluid, because, in that case, 

the duplicate is sure to be more or less impaired. To illustrate 

this, zinc, lead, tin, or iron, in sulphate of copper, precipitates 

I the copper immediately from its solution, but the former 

[ metals are dissolved, exactly in equivalent proportion with the 

I reduction of the latter. Tlie solution of this metal impairs the 

B surface, and renders the duplicate less perfect. This may be 

l.prevented, in a great measure, by taking care that the voltaic 

Lcurrent is passing at the moment when the metal is plunged 

■ into the fluid ; and this mode of proceeding is supposed, by 

Tmany, entirely to supersede the elective affinity, as it is termed, 

r the spontaneous action of the metal on the fluid. But I 
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can decidedly affirm, that a battery of twelve cells will not 
entirely prevent the solution of the more oxydable, and the 
reduction of the less oxydable metals. 

(132.) The metals which can be employed with advantage 
to receive a deposit of any other metal, are therefore those 
which are not acted upon by the particular fluid in which they, 
are immersed ; those however, which are but slightly acted 
upon, may still be employed. Platinum, from its being un- 
altered by any solution, holds an important place for the 
reception of every metal ; its great value however, must ever 
be an impediment to its general use. 

(133.) Gold is equally valuable with platinum, but is still 
more expensive ; yet when extended to that state in which it 
exists as gold leaf, it may be applied over the surface of any soft 
substance, and thus a metallic surface is presented. This 
mode may be employed with other metals, such as silver or 
tin ; but we have other methods, which render all these modes 
useless. 

(134.) Silver is only reduced by gold and platinum, and 
therefore may be employed for the reduction of metals, when 
we require the deposit to be of very pure metal. Silver leaf 
of a thickness of about one square foot to the ounce, and made 
of pure metal, is much used by the forgers. The process they 
adopt is, to place the coin to be copied on a piece of wood, 
and upon the coin they place a piece of this thin silver. They 
beat it gently with a wooden mallet, till a perfect impression 
is taken on the metal, a result soon obtained. They then copy 
the opposite side of the coin in the same way* The two 
impressions are then soldered together, and the manu&cturer 
sallies forth and risks his neck for the illicit shilling, which 
has cost him this labour. The reader will doubtless have no 
inclination to practise this fraud, and therefore it is unne- 
cessary to enter into the process farther; but it should be 
borne in mind, that the same means may be employed, with 
a better intention by the electro metallurgist, to obtain a 
mould. 
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(135.) The alloys of lead which are principally employed, 
are pewter, the fusihle metal, and the type metal. The first 
is an alloy, consisting of about eighty parts of tin, and twenty 
of lead, but for many pnrposes, more lead might be added. 
There are many varieties of this alloy, containing either cop- 
per, antimony, or bismuth, but the first I beheve will be found 
to be the best. The fusible metal has been much used by the 
electro- metallurgist for small casts, but its manipulation is 
difficult. It should be melted over a lamp, and the surface 
fikimmed perfectly clean. A portion is then to be poured 
upon any flat surface, and the medal is to be placed upon it 
with a jerk, and firmly pressed. The metal should be nearly 
at the point of congealing before the impress is given, or 
the surface of the cast is apt to exhibit a crystalline appear- 
ance. The fusible metal of Sir Isaac Newton, contains lead, 
hbmutli and tin, but mercury b generally added by the 
instrument makers to render it more easily fiisible ; the mer- 
cury, however, should always be omitted, when the alloy is to 
be used for taking easts. The composition of the type metal 
is stated to be about one part of lead, to sixteen of antimony, 
with a small portion of copper. Considerable practice is 
required to make casts either in the fusible or type metal, and 
I am informed that even in type foundries, a man rarely 
excels in the casting of more than a few letters. 

Tlie Italians have a method of taking very perfect moulds 
with pewter. They take a portion of the melted pewter 
and place it on a piece of paper; upon this they lay the medal, 
and under both a piece of carpet ; upon the medal they place 
a log of wood, and then a sharp blow on the wood will ensure 
the sharpness of the cast. The worth of a cust thus made, is 
from six pence to half a crown. 

An impression may be given to a perfectly clean bright 
surface of sheet lead, by placing upon it the object to be 
copied, and then with a steady hand dealing a heavy blow. 
By this mode even a sealing-wax impression may be copied, 
although this at first sight would appear hardly credible. By 
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pressure alone, it would be difficult to obtain the result, which 
can be given by the blow. 

Rolled lead, first scraped, in order to remove any oxide 
from the surface, and then flattened by running it through 
a press upon a polished iron plate, will readily take the 
impression of the most delicate work or engraving. The 
object to be copied, is simply to be placed upon the lead, and 
then the two are to be sent once, and once only, through the 
printing press, as in the ordinary operation for taking a print. 
This mode is perfect, and answers well for any case. The 
pressure in rolling is far greater than can be given by direct 
pressure, though there are instruments, which are used by 
embossers, capable of exerting great power. 

The metal employed for stereotyping, is applicable to the 
electrotype. . A mould in this metal is taken in a particular 
way from plaster, but it requires certain apparatus which 
there is no need to describe, as any article can be easily 
obtained from the foundry. 

(136.) Non-conducting substances are of three kinds; sub- 
stances having no affinity either for the metal or the solution; 
substances acted upon by the solution ; and lastly, substances 
capable of combining with the metal thrown down. Those 
of the first class are by far the most valuable, but are not 
very numerous. The best of these is sealing-wax, a compo- 
sition of shel-lac, venice turpentine, and colouring matter. 
Dr. Ure gives, as the proportion in which these are used, 
four, one, and three. The manufacturers have several varie- 
ties, the most expensive of which is the best for making 
seals. Some of them are extremely hard, as for example, a 
black wax which is used for filling up the letters in the en- 
graved plates of shop windows, but I do not know how a 
difference of composition can affect the properties of the wax 
in this important manner. The use of sealing wax is attended 
with considerable expense, as good wax cannot be purchased 
under three and sixpence or four shillings a pound, but it 
takes impressions of objects of the greatest delicacy with the 




utmost accuracy. Every one uses this snbstanee, and sealing 
13 one of those operations in which every one thinks that he 
excels his neighbour in the manner in which he performs it ; 
but however well satisfied he may be with his skill in the 
small way, yet the management of large seals is attended with 
great difficulty and uncertainty. Proof seals are made by 
engravers, by holding a piece of card over a flame, and rub- 
bing gradually a stick of wax, previously softened by heat, 
upon the heated card, till a sufficiency is obtained, when the 
coin is to be pressed upon it. Very large seals are made by 
taking a good sized stick of wax, and holding it in a flame, 
not only till the point, but even three or four inches of its 
length are lighted- It is then to be held over a piece of 
paper or card, when large drops of melted wax will keep 
falling, and in a short period a considerable quantity will be 
melted. The flame of the stick is to be blown out, and the 
fluid mass well stirred round and round, till all the air bub- 
bles are dispersed, and a clear surface of semi-fluid wax is 
exposed. It is now ready to receive the impression of the 
object of which we are desirous of obtaining a copy. This ia 
to be laid upon the wax, and pressed with considerable force, 
and lastly plunged into cold water, so as to cool it suddenly. 
Much less difficulty attends the use of a metallic die, for that 
abstracts the heat, and does not adhere. 

When we are desirous to obtain an impression in wax, from 
wood or similar substances, they should be previously brushed 
over with a little salad oil. In these cases, by plunging the 
wax into cold water, its surface is apt to sink in places, and thus 
becomes uneven, ^'^ery large seals have been made of sealing 
wax, by means of placing the medal on the semi-fluid compo- 
sition and subjecting it to hydrostactic pressure. In this way 
the late Mr. Bates succeeded in making perfect seals of four 
or more inches in diameter. 

(137.) White wax may be used for taking casts, and can be 
procured with least expense by buying the waste ends of wax 
candles, which may be readily melted over a lamp. The 
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object to be copied is to be very lightly oiled, and enveloped 
in a piece of paper, whicli should be tied round the edge with 
string. By tliia proceeding we form a kind of rim to the 
medal. The fluid wax is then to be poured into the cup thus 
formed, care being taken that no bubbles of air adliere to the 
medal. It is then suffered to remain not only until it becomes 
solid, but even quite cold, which will nottake place in less time 
than two or three hours, on account of the was being a bad . 
conductor of heat. It may then be taken off by gently pulling .s 
the was cast from the medal. , J 

Plaster easts may be even copied in wax, by simply oiling 
the plaster with a little sweet oil, previously to pouring 
in the fluid, and thus a perfectly sharp reverse of the plaster 
will be obtained. A still better method of taking a reverse . 
from plaster, is to let it absorb as much hot water as it.J 
will take up without any remaining on the surface. It is.J 
tlien to be enclosed in paper, and melted wax poured upon itM 
whilst it is warm ; afl:er whicb the whole is to be allowed to J 
cool, when the was will separate from the plaster with the J 
greatest facility. Should the slightest adhesion exist, it shew8' i 
that the plaster has not absorbed sufficient water, a cireuin- J 
stance which the operator must avoid another time, for with J 
care, the plaster will not be injured in the slightest degree b^ J 
this proceeding. 1 

(138.) A mixture of equal parts of bees wax and rosin may 
be employed for taking caats, and may be used in a riiiuilar 
manner to was. This composition is used a great deal by the 
Italians, but care must be taken not to use the i'uscd mixture ,l 
too hot. The composition should be melted, and then allowed 'J 
to remain till the bubbles have dispersed, and till it becomes J 
nearly as thick as treacle, when it is to be poured over the m 
object, in the same way that white wax is used. tM 

(139.) Of the second kind of non-conducting substances,. J 
there are several varieties ; as paper, plaster of paris, &e., 1 
which are acted upon by the fluid. Paper rapidly absorbs J 
the fluid of the solution, and becomes rough, and therefore it J 
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must be treated with various substances, in order to give it a 
perfectly uniform surface. It may be brushed over with a 
little drying oil, such as linseed or nut oil ; I give the pre- 
ference to the former. The oil should be thoroughly boiled, 
so that it may dry as quickly as possible, after its application 
to the paper. The substance to which the oil is to he applied, 
should be clean. It is then to be brushed lightly over with a 
camel's hair brush till all absorption ceases, and the surface 
is left shining, owing to the small quantity of oil still remain- 
ing on tlie surface ; but great care must be taken that the 
plaster or paper be just saturated, and no more, as the super- 
fluous oU, by drying on the sui-face, will fill up the space 
between the fine lines. The paper must then be left to dry 
for about twenty-four hours, and if possible be exi)osed to 
the sunshine. It is then ready to receive some conducting 
substance, of which I shall hereafter speak. Tliia mode of 
treating paper appears, for most piirposes, to be superior to 
every other. 

Varnishes may be applied for the same purpose, and as 
some of them dry more quickly tliau the oils, their use is 
attended in some cases with advantage. The principal of 
these is the white hard, copal, mastic, and carriage varnish. 
The first dries in a few minutes, aud should be applieil until 
a small quantity bears up from the surface. It is best adapted 
for highly-glazed papers, where the ([uantity of size i)revent3 
the absorption of the more viscid varnishes. The mastic 
fulfils its purpose very well, but no particular advantages 
attend its application. The carriage varnish may be some- 
times used, but great care must be taken that it does not 
clog up the fine lines, otherwise it is a most valuable varnish 
for tliis purpose, and leaves a very smooth surface. It would 
be, in vain to describe all the modes which may be adopted to 
render paper non-absorbent and smooth, — it is the principle to 
which I wish to call particular attention. Sometimes a mixture 
of bees-wax and rosin previously fused, may be applied, par- 
ticularly to the absorbent papers. The paper should be held 
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over a flame so tliat it does not burn, and the oompositioa 
rubbed upon the opposite side to that on which we desire to 
make the copy, till the paper is thoroughly infiltrated, when 
it will be found not to pass beyond the surface. The paper 
is hard in a few minutes, and ready for the solution. This is 
an excellent process, and one wliich may be frequently 
adopted* Sometimes rosin itself may be used, but it is apt to 
be brittle. Other substances may be employed in a similar 
manner, as balsam of Canada, &c. 

, (140.) The preparation of plaster of paris is of the utmost 
importance, and the destruction of its absorbent property is 
to be obtained by means similar to those employed in the 
preparation of paper. Plaster of paris is sulphate of lime, 
or gypsum, deprived of its water of crystallization by heat. In 
this state it has such an affinity for water, and is capable of 
taking up so much, that when the powder is mixed with water, 
till it becomes of the consistence of cream, it sets after a few 
seconds into a hard mass. In the manufacture of plaster 
casts, we must pay attention to several little niceties, in order 
to get rid of all the air bubbles- These arise from two causes, 
either from the adhesion of the air to the plaster, or from the 
plaster carrying down air with it, when added to the water. 
The first is to be remedied by using fresh burnt plaster, which 
is always adopted by the cunning stereotypers, for they state 
that if it simply stands a fortnight, the casts will not be so 
good. The workman cannot explain this, but the rationale 
was well known to Mr. Wyatt, our celebrated sculptor, who 
told me that he attributed it to the adhesion of the air ; and 
that thus many delicate casts were injured. He places the 
common plaster in a saucepan over the fire, and heats it, when 
it heaves from the discharge of the gas, and is then ready for 
use. Sufficient plaster should be placed in a basin, and water 
poured upon it till it is completely covered, and all bubbles 
cease to rise, when it must be thoroughly mixed by rubbing 
it together. The surface to which it is to be applied, should 
be slightly brushed over with a very small quantity of salad 
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oil. A little fluid plaster may then be poured on the cast, 
and with a hog's -bristle painting brnsh, thoroughly rubbed 
into all the fine parts, which will prevent the adhesion of any 
air bubbles in the plaster which might prevent a perfect im- 
pression. Another portion of plaster, snfficient to give 
the desired thickness is now to be added, and time must 
be given for the whole to set, when it should be removed 
from the mould, and gently heated over a fire to drive 
off excess of moisture. It is then found to he exceed- 
ingly hard, and ready to receive substances to destroy its 
absorption. 

(141.) The best mode of treating plaster casts ia to place them 
in a flat dish with either bees was alone, or with a mixture of 
equal parts of bees wax and rosin previously fused, Tlie wax 
and rosin should not exceed half the height of the cast, and 
the heat employed should be sufficient to render the composi- 
tion perfectly fluid. After a short time, the whole is to be 
raised to a considerable temperature, and then some of the 
fluid may be brushed over the hut plaster, which will absorb 
it, and upon waiting a little while the whole of the plaster 
will be filled with the composition ; the plaster is then to be 
removed and drained, after which no wax will be found to 
remain on its surface, but its texture will be completely filled, 
and thus a beautiful non-absorhent and smooth surface is 
procured. This is an excellent method of treating plaster 
casts, and is attended with but moderate trouble. Tlie more 
rosin is contained in the above composition, the higher will 
be the heat required for its perfect fusion, and although rosin 
will answer by itself, yet it cannot be made to penetrate be- 
yond a very little distance into the texture of the plaster, 
thoufjh a clean, hard, non-absorbent surface can by this means 
be produced. The solution of rosin in oil of turpentine may 
be used, but it is difficult to drive off all the turpentine. 
A mixture of rosin and grease may also be used. White 
wax, such as that obtained from wax candles, answers very 
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well to prevent the absorption of plaster, and is very easy ] 
to apply. 

Common tallow succeeds admirably well iu filling plaa- ] 
ter. It is readily melted, and from its fluidity passes into I 
the numerous porea of its texture. It is as well thoroughly I 
to boil the cast in the tallow, and then drain oH' the super- 
fiuity, and afterwards leave it in a cool place to harden. The 1 
hardest tallow should be selected, but good candles answerj 
every purpose. 

Steariue is nothing more than common tallow, with the J 
fine fluid parts or elaine removed by pressure; it ansi 
perfectly to fill plaster. The melted stearine is to be em-| 
ployed in a manner similar to tallow. 

Spermaceti also renders plaster non-absorbent, and is to 
be applied in the same way as the tallow. Spermaceti, as sold 
for candles, answers the purpose well. 

The application of boiled linseed oil is another mod^l 
which may be practised. It should be applied to the caatn 
until a very minute quantity remains unabsorbed on the sur- 
face ; it ia then to be dried, and this is best accomplished by 
free exposure to sunshine. The mere hardening of the ex- 
terior film does not indicate a sufficient dryness for the object J 
to be placed in the solution ; for jt is necessary that the 
should be somewhat dry throughout. If the object be placed ' 
in the solution, previously to its being dry, the oil will sepa- 
rate from the plaster, and the solution will act upon the cast, 
and both cast and solution will be materially impaired, if not 
utterly destroyed. Plaster requires a large quantity of oil 
for its saturation, perhaps as much as half of its bulk. The 
casts should not be over dried when the oil is applied, as the J 
oil does not then so readily harden. 

The same observations which apply to varnishes, balsanti 
F Canada, Venice turpentine, &c., with respect to their appli- 

iation to paper, apply also to plaster articles. Of varnishes, 
! mastic, and white hard are the best, but the fonnerly . 

lescribed methods arc superior to those in whicli any of theV 
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varnishes are used. Experiments liave been tried upon every 
other Bubstance likely to be useful, but tbese it is needless to 
describe. 

I am tempted to give a table of the substances which may be 
applied to plaster, as a summary of the results of my experi> 
menta, taking into consideration their relative efficiency as well 
as cheapness ; — 

Nut oil 

Solution of rosin in turpentine 

Balsam of canada 

Mastic varnish 

White bard varnish 

Lac varnish, &c. 



Tallow 

Stearin e 

Spermaceti 

White wax 

Beea wax and rosin 

Eosin 

Linseed oil 
(142.) The third class of substances, which comprises those 
which are acted upon by tlie metal reduced from the fluid, are 
few in number ; yet unfortunately this class contains one sub- 
stance which takes Uner casts ibau any other, and that is 
sulphur. The newly precipitated metal no sooner comes in 
contact with the sulphur than it combines witli it, forming a 
sulphuret, and the cast swelling enormously, is quite disin- 
tegrated. Tlie ouly mode of remedying this is to coat the 
sulphur mould with a varnish, such as, fur instance, white hard 
and mastic, of which a very thin layer should he applied ; 
however, the sulphur casts have not answered well under any 
treatment, and as we have so many other modes of taking 
casts, there appears no inducement to follow the subject 
ferther. 

(143.) Non-conducting substances may be copied or multi- 
plied by depositing a thin film of any conducting substance 
upon this; and gold, silver, bronze, or copper powder, miglit 
be employed fur this purpose. 

There is another process by whicli non-conducting sub- 
stances, such as animal matter, vegetables or minerals, may 
be coated with the finely divided metal. The oltject is to be 
brushed over with a small quantity of the solution of any salt 
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of gold, silver or platinum, and in that state is to he exposed 
to the vapour of phosphorus, from the evaporation of cither 
the alcoholic or ctherial solution, when immediately a deposit 
of finely divided metal will take place on the surface. It has 
been supposed that this is a phosphnret of the metal, hut if 
a little piece of phosphorus be placed in a solution of gold, 
silver, platinum, or copper, the phenomena will be explained, 
as the respective metals will coat the phosphorus. The de- 
posit of copper is particularly beautiful. 

The substance to be copied may be alao brushed over with 
a solution of any of the metals last mentioned, and exposed 
either to sunshine or to heat, when reduction will take place; 
but the process is tedious, and is therefore very rarely 
employed. Any other mode by which the metals may be 
reduced, would suffice ; as for instance, their reduction by 
proto-sulphate of iron, or hydrogen gas. 

Gilding, silvering, or coppering objects by means of their I 
respective leaves may be employed ; yet all these modes are' I 
imperfect, and we have no need of any metallic covering l 
whatever, as other means answer the purpose better, and are 1 
even more simple and cheaper. 

(144.) The best method of giving a non-conducting sub- 1 
stance a thin conducting layer, is the application of carbon^ | 
either charcoal or powdered black lead. It is only necessary 
to brush these substances over the object till the thinnest 
film is obtained, as that will he amply sufficient for the pur- 
pose for which it is wanted. The black lead is the best on 
atrcount of its peculiarly unctious nature, which enables its 
application to be made with the greatest ease, either by a 
camel's hair, or hog's bristle brush, according to the nature 
of the sabstance to be covereil ; care must however be taken, 
that the interstices between the fine lines are not blocked v 
as this would of course render the duplicate imperfect. 
casionally there is some difficulty to make a thin film ae 
r to the surface, but if it be an object where perfect sharpnesil 
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b not indispensable, a sinall quantity of varnish may be 
a])plied, whicli is suitable to earthenware. Sometimes a little 
spirit of wine may be used, when a cast is capable of being 
acted upon by that iluid, as sealing wax, but great care must 
be taken not to render the surface rough. Upon many sub- 
stances, the black lead may be made to adhere by simply 
breathing upon the object. In whatever manner we cause 
its adhesion, it is important always to bear in mind, that it is 
of more consequence that a smooth polished surface of black 
lead be exposed, then a thick rouglier coating. 

The different opinions which are entertained, as to the 
applicability of black lead for this purpose, are owing en- 
tirely to the fact, that great differences exist between one 
sample and another, of that article; for if it be not really 
carbon, it b absolutely a non-conductor, and I have found a 
number of pieces totally inactive, while others were most 
excellent conductors. The action or inaction of different 
pieces, before grinding, is not all dependent on the hardness, 
for I possessed a piece of that variety, which is called rock by 
the pencil makers, which completely annihilated the teeth of 
three of my saws, by which I attempted to cut it. I then sent 
it, for the purpose of having it sawed, to a celebrated 
mechanic, and he succeeded no better than myself; in fact, 
nothing but a diamond would have made any impression upon 
it, and yet it was one of the best pieces for voltaic purposes 
which I ever possessed. Sometimes, on the contrary, hard 
pieces are of no value, whilst sott pieces are excellently 
adapted. There is no method but direct experiment, by which 
the conducting quality of any particular sample of black lead 
can be ascertained. There are not two shops where it can be 
bought alike, so much is either naturally bad, adulterated, or 
ill prepared. Perhaps the best test of good black lead, is to 
take a pinch between the finger and thumb, and press it; 
when, if good, it will cake together and adhere. If charcoal 
be employed, it should be well burnt, and in the finest possible 
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state of division. The prepared charcoal of the shops exists 
in the state of an impalpable powder, but it is difficult to 
apply it. 

(146.) Of all these various methods, none is, in my opinion, 
at all comparable to good black lead. The thinness of the 
coating is such, that it is not sufficient, of itself, to carry the 
voltaic current (for a layer so thin as only to be visible by 
reflected light, is sufficient) but this thin layer so favours the 
extension of the copper laterally, that the whole surface 
speedily becomes coated. It is very interesting to trace the 
layer of copper extending itself over any object. For this 
purpose, a piece of black sealing wax, coated with black lead, 
answers best, as the diflference of colour renders its mode of 
precipitation very evident. It will be seen that the copper 
grows perhaps from some point of the wire, on to the black 
lead, and gradually extends itself laterally till the whole is 
infilmed by the metal. 



CHAPTER III. 

ON THE LAWS REGULATING THE REDUCTION OF 

THE METALS. 

Metals capable of being reduced by the voltaic fluid, 146L States in which they 
exist, 146—148. Law for the redaction of the metals as a black powder, 148. 
Law for the reduction of the metals in crystals, 149. Law for the redaction 
of the metals in a reguline state, 150. Causes of the varieties in the reduc- 
tion, 150. Mode of producing them, 153^159. Mode of obtaining the 
black powder, 150. The crystalline state, 160. The reguline state, 161. The 
same results obtainable by the single cell apparatus, 165. Time requiied for 
the deposition of the metals, 167. 

(146.) All the metals can be reduced by the galvanic cur- 
rent, or by the secondary action of the hydrogen arising from 
the decomposition of water; only a few, however, can be 
advantageously reduced in this way, for the purposes of the arts. 

F 
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These are gold, silver, platinum, palladiiun and copper. The 
other metals which I have reduced in a reguline state, or in the 
state iu which we usually empliiy them (and not as a hlack pow- 
der, or as crystals) are iron, bismuth, zinc, lead, tin, antimony, 
nickel, and manganese. Most of tliese can be used as a solid 
coating, bo as tu take the form of any conducting or non- 
conducting object, or as a thin film to serve as a protection or 
ornament to the body on wliich it is deposited, Tliese two 
puqHises are so different, that each will merit a separate book 
in this treatise ; but here, the peculiar management of each 
metal separately, will be entered into. 

(147.) Tlie laws which regulate the deposit of every metal 
appear to be the same, and although very simple, they haye 
cost me much labour for their development. The properties 
of which I have here to speak are strictly those which relate 
to the quality of the metal, which is materially influenced by 
various circumHtances. The reduced metal may be precipi- 
tated in three different ways ; as a black powder, as a reguline 
metal, (or in other words a metal having the properties of 
ductihty and malleability) and lastly, it may be thro^vn down 
in a crystalline form. Between these there are indeed other 
intermediate states, or mixtures of two different states, but of 
which we need not here take any notice. 

(148.) Law 1. — The metals are invariably thrown down as 
a black powder, when the current of electricity is so strong in 
relation to the strength of the solution, that hydrogen is 
violently evolved from the negative plate of the decomposi- 
tion cell. The term violently may seem to require some expla- 
nation, for the metal will be thrown down as a spongy 
powder, even when but few bubbles are given off in the half 
minnte. 

(149.) Law II. — Every metal is thrown down in a crystal- 
line state, when there is no evolution of gas at all from the 
negative plate, or no tendency to it. When I speak of no 
tendency to the evolution of the hydrogen, I mean, that either 
electricity of a much greater tension must pass, or the solu- 
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tion most be rendered of more easy decomposition^ before 
gas would be evolved. The crystals maybe small or large 
according to circumstances to be noticed hereafter. 

160. Law III. — To throw down the metals in the reguline 
state, we must use a quantity of electricity just sufficient to 
cause the minutest quantity of gas to appear at the negative 
plate ; in other words, the quantity of electricity passing 
should cause a great tendency to the evolution of the hydro- 
gen, if it be not actually slightly apparent at the negative 
metal* To say that hydrogen should be given off slightly 
from the negative plate, may lead to error unless duly quali- 
fied, for it is only meant that a few bubbles should adhere to 
the negative plate, afker the action has been continued for 
some hours, for there should be no farther evolution of gas. 
In feict, the reguline state is obtained in the greatest perfection 
when hydrogen is just at the point of evolution, but yet none 
is really given off from the negative metal. 

161. The causes of these variations are difficult to conceive, 
but perhaps we may venture a theoretical explanation. We 
have seen in a former part of the work, that the metals may 
be reduced in two ways. First, Professor Daniell has shown 
that the metallic salt yields its base frequently, as the direct 
result of the passage of the galvanic fluid. Secondly, it has 
been shown, that the metal may be reduced, as the secondary 
result, from the agency of the hydrogen, which is derived 
from the decomposition of water. Now it appears to me 
possible, that in every case where we require the newly de- 
posited metal in its most flexible form, it is to be obtained 
principally, or even entirely, from the secondary decompo- 
sition, or that by means of the hydrogen. A superabundance 
causes it to go down as a black powder, but a more moderate 
quantity ensures the deposition of the flexible metal, or in 
the state in which it is required for the arts. It is by no 
means improbable that this flexible state is nothing but an 
agglomeration of the fine powder, in the same way that rolled 
platinum is an agglomeration of spongy platinum. I would 
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reiiture still further to suggest, that the crystallized state 
may arise from the decomposition of the salt, by the direct 
action of the electric current. 

(162.) Dismissing theories, however, we mast remember 
these facts ; that the electric power in any solution, when 
barely sufficient for the production of hydrogen, causes the 
reduction of the metal in a malleable and ductile state ; that 
the electric power, when not nearly sufficient to cause the 
appearance of the gas, throws down the metal in crystals; 
and lastly, that the black pulverised deposit is produced when 
there Is evolution of the gas. 

(153.) A very brief examination of our laws will show that 
the two properties of galvanic batteries must operate in an 
important manner in producing these results, and accord- 
ingly we find that some circumstances are produced by quan- 
tity, others by intensity. The regulation of intensity is, 
perhaps, of the greatest importance ; for on the one hand, 
economy requires as few cells as possible, and on the other 
hand, other circumstances require more. Whenever it is 
possible, the fluid to be decomposed should act on the posi- 
tive pole of the fluid. Thus, in the decomposition of salts of 
silver, iron, lead, tin, and copper, we use in the decomposition 
apparatus, positive poles of these respective metals. Tliis 
enables us to conduct our precipitations with a single cell, 
which, with my battery, enables us to obtain any given amount 
of work with the smallest possible cost. During the decom- 
position, the metals mentioned above are dissolved precisely 
to the same amount as that to which the new deposit is ob- 
tained. The solution is in the same way, always of the same 
strength. 

(164.) The degree of action of the fluid on the positive 
poles, or rather of the oxygen and acid transferred to the 
positive pole, varies with every salt of the same metal. To 
regulate the action equally in different cases, acids, either of 
more or less oxygenating power, or in greater or less quantity, 
are added to the metallic solution to be decomposed. An 
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increase or decrease of the temperature, influences, materi- 
ally, the intensity required for different salts, because the 
current passes at a higher temperature with more facility, as 
the action on the positive pole is more energetic. These 
minuti^B have hereafter to be fully discussed; but here I wish 
to point out, that when possible, only one cell of the battery 
is to be used, and that where this is rather deficient in inten- 
sity, a compensation can be obtained by adding acids to the 
metallic solution, of more or less affinity for the positive pole, 
according as that may be required. 

(155.) For those cases where we use a positive pole or 
anode made of platinum, we are compelled to obtain in- 
creased intensity by employing a more extensive series of 
batteries. In these cases, we must use as many cells as will 
decompose water; three or four in general will be amply 
sufficient. Beyond the mere capability of decomposing water, 
I cannot perceive that increment or decrease of the intensity, 
is of material importance, and the regulation of the quantity 
must then be made the subject of attention. 

(156.) The quantity of electricity passing in any fluid will 
depend, caeteris paribus, upon the distance between the elec- 
trodes, the extent of surface they expose to the fluid, or their 
relative size one to another. These properties have been 
already described, when treating of galvanic batteries in 
general, and therefore do not require farther description in 
this place. However, a different quantity of electricity is 
required for every variation in the strength of the solution ; 
as any increase of the metallic salt requires a corresponding 
increase in the quantity of electricity ; and the converse is 
equally true. The effect, however, of an increase of quantity 
in any solution where there is not intensity enough to produce 
much hydrogen, would be only to increase the amount of 
crystallization, or the size of the crystals. 

(167.) The quantity of electricity passing in a solution, 
curiously influences the state of the crystals, for there are two 
varieties of this deposit; one of which arises from a deficiency 
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of quantity, in relation to the strength of the solution, and in 
this state the new plate of metal is like an aggregation of 
sand, in fact, like common sandstone, the particles having no 
more cohesion or consiatence. In tliis state, the plate of 
metal is in the utmost state of hrittleness, and tliis, we mnst 
recollect, is produced by too small a quantity of electricity 
in a strong metallic solution. The second variety of the 
crysta.Iline state of metals, arises from a large quantity of 
electricity, in relation to the size of the plate ; thus, by using a 
very large positive pole, connected with a very large hattery 
of feeble intensity, and by employing, at the same time, a 
strong solution, large crystals, possessing the utmost degree of 
hardness, will be thrown down, 

(158.) To carry into effect these general laws as we may 
have occasion for them, let us recapitulate the circumstances 
which may affect them. First we have the size of the battery, 
secondly we have the strength of tlie solution, thirdly we have 
the arrangement of the poles in the decomposition cell, and 
finally we have the temperature of the solution to be de- 



(159.) In any given solution we may increase the disengage- 
ment of the hydrogen to cause a black deposit, by increasing 
the intensity and quantity of tlie battery, by a series, hy 
diminisliing the size of the negative pole, and enlarging the 
positive electrode, by approximating the electrodes or poles, and 
lastly, hy increasing the heat. All these conjointly, or any of 
them separately, will favour the increase of electricity, as they 
will increase the quantity of hydrogen evolved. 

For any given size of the negative plate we can obtain a 
black deposit, by increasing the intensity and quantity of tlie 
battery ; by increasing the positive electrode ; by diminisliing 
the quantity of metallic salt in the solution and adding to its 
acid, and by approximating the poles. 

With any given battery (provided it will decompose water) 
we can obtain a black deposit, by diminishing the size of the 
negative pole, hy increasing the size of the positive, by 
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approximating them, and by rendering the metallic solution 
very weak with dilute acid. 

(160.) To obtain a crystalline deposit with any given solu- 
tion, we increase the quantity of electricity, but diminish the 
intensity derived from the battery. We increase the size of the 
positive pole, diminish the negative, and we approximate them. 

With any given negative plate we can obtain a crystalline 
deposit, by diminishing the intensity of the battery, enlarging 
its size, saturating the solution with the salt, and taking care 
that it is not acid. The positive plate may be enlarged, and 
approximated to the negative. 

With any given battery we can obtain a crystalline deposit, 
by strengthening the saline solution, and not acidulating it, by 
diminishing the negative electrode, increasing the positive, 
and approximating them. 

(161.) To obtain the metal in the reguline state, however, is 
our great object, and to pbtain the exact point of evolution of 
the hydrogen, is important and difficult. With any given 
solution, if we find the hydrogen too abundant, we may either 
increase the negative pole, or diminish the positive, which will 
be sufficient for many cases. But in some cases we are 
desirous of having the electrodes of the same size, and then 
we diminish the size of the plates of the battery, or the strength 
of its charge ; for instance, I sometimes use my battery charged 
with water, and a faint trace of acid. Again, in other cases we 
are desirous to increase the rapidity of the process, and then 
the evolution of the hydrogen will be diminished, by increasing 
the quantity of metallic salt in solution, which will answer 
every purpose. Variation in the distance between the poles 
will be found sufficient, in many cases, to regulate the evo- 
lution of the hydrogen. The converse of all these properties 
is equally applicable to those cases where the hydrogen is 
deficient. By regulating the strength of the metallic solution, 
and adding more or less dilute acid, the evolution of the 
hydrogen, in any battery (provided it be sufficiently intense 
to decompose water) will be perfectly under control. 
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(162.) Thus, with any amount of salts in solution, with any 
sized negative plate, with any sized battery, and at all tem- 
peratures, we can obtain the reduction of any metal in the 
Etate we please. It is true that this excessive refinement, 
has hardly been carried to every metal, yet the principles have 
been so far accurately demonstrated with such a number of 
them, as to leave no doubt of their general truth and value. 

(163.) A pretty experiment was devised to show these laws 
in a more simple and certain way. Into a strong solution of 
sulphate of copper, contained in a tall vessel, dilute sulphuric 
acid, with a little sulphate of copper, was poured gently upon 
the top; this, being lighter, swam on the top, whilst the satu- 
rated solution was at the bottom ; a long wire, as a negative 
metal, was passed to the bottom of the vessel. A circuit was 
then completed. After a short period the wire was removed, 
when the bottom was found coated with thick, hard, copper 
crystals. About the middle it was more flexible, and at the 
upper part the spongy mass was found. The li([uid was then 
stirred up, in order that an intimate mixture might take place, 
and another wire subjected to the same experiment, when this 
was universally coated with copper of uniform texture. 

(164.) In detailing the above laws, the battery has been 
spoken of, because we can, by its means, regulate most exactly 
the quantity and intensity of the current. The same principles 
apply to the cases in which the metal on which the reduction 
is to take place, is made the negative plate, to a piece of 
ziuc, enclosed in a porous tube, but we cannot adapt this with 
that nicety which the battery admits. 

(165.) The quantity of electricity in a single cell apparatus, 
may be increased by enlarging the zinc plate, by approximating 
it to the negative, by diminishing, as much as possible, any resist- 
ance offered, by the use of the diaphragms, and by adding to 
the acid of the solution which acts upon the zinc. The 
quantity of electricity may, in like manner, be diminished, by 
adopting an opposite course of proceeding. In tlie use of the 
single cell apparatus, as in that of the battery, the strength of 
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the metallic solution to be decomposed, will materially in- 
fluence the quantity of electricity required for its reduction. 
The neutrality of the solution, the acidity, or the nature of 
acidity, ^11 operate in a similar manner. The diflferent con- 
ditions have been quite sufficiently adverted to, when speaking 
of the effects of those circumstances, in the use of the battery. 
The above facts alone are sufficient to make forcibly apparent 
the imperfection of the single cell apparatus, and the supe- 
riority of the process by the battery. 

(166.) There are certain peculiarities appertaining to each 
metal, and even to each salt of the same metal. Each of 
these demand somewhat different management, depending upon 
the circumstances under which the reduction of the metal 
takes place. The variation in the modes of operating will be 
entered into in the next chapter. 

(167.) And now let us consider the influence which time 
exerts over these processes. Is it necessary, as all authors 
have asserted, that the voltaic precipitation should go on 
slowly? The fundamental laws which regulate the precipi- 
tation of metals exclaim at once, by no means. For if the 
electric power be regulated to the strength of the solution, 
precipitation may take place at a rapid rate. In fact, we shall 
hereafter show that the reduction of the metals may be more 
speedily effected than at first sight appears possible, because 
the deposition is amenable to the same laws whether it takes 
place slowly or rapidly. 
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(168.) We have now to treat of the metals which may be 
reduced from their salts hy the galvanic current, and of the 
peculiar management which each salt requires. 

I The salts of all the noble metalg are easily decomposed, and 

the hydrogen liaa a great tendency to be evolved during their 

I decomposition; on account of which, particular care must 

attend the reduction of them all. Gold is generally dissolved 
in nitro-nmriatic acid, forming a chloride or muriate of that 

I metal. This is a very soluble salt, and an excellent conductor. 

From the quantity of electricity which jiasses, during its 
decomposition, the hydrogen appears to have a great tendency 

1 to be evolved. The strength of the solution used, may be 

from the palest in colour, to the most concentrated, taking 

I care to follow the laws already laid down; for if no hydrogen 

lie evolved at the negative pole, the gold will uot he precipi- 

Itated in the least degree, as a hlack powder ; and in that way I 
have actually worked a solution oi gold till it became absolutely 
colourless. The surface of the negative metal on which it is 
thrown down, should be bright, and a very small quantity of elec- 
tricity should pass, no matter what its intensity, in proportion to 
the strength of the metallic solution. The positive pole should he 
small, and by varying the size of this, we may regulate, to the 
. greatest nicety, the quantity of electricity passing. By at- 

I tending to these rules, no difficulty will be found in throwing 

I Id from the strongest solutions. During the decora- 
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position of this salt, chlorine is freely evolved; and this is apt 
to attack, slightly, the positive pole, though it will not operate 
materially upon it. The positive pole should either be of fine 
platinum or gold wire, and it will be frei^uently sufficient to 
place the smallest part of the end ui the solutiim. 

The negative pole may be of gold itself, carbon, or platinum, 
as all these are applicable to the reception of the gold, being 
unaffected by its solution. Even metals which act upon the 
solution may be employed, care only being taken that these 
are not allowed, for a single moment, to be in contact with 
the fluid, without the galvanic circuit being completed. At 
first the solution should be very weak, hut after a gold surface 
has been obtainerl, it may be rendered stronger by the addition 
of more concentrated solutiou. The larger the negative plate, 
the more readily will the reduction be effected; for then the 
positive pole need not be so extremely small. 

There are other soluble salts of gold, as the solution of its 
oxide in potassa and soda, or their carbonates, and the bromide 
of gold; but the nitro-muriate will be found amply to suffice 
for all these purposes. The alkaline solution of gold is less 
readily decomposed than the nitro-muriate, and for that reason 
is perhaps preferable ; yet the nitro-muriate, with care, will 
answer every purpose. 

(169.) Platinum may exist in solution, as a chloride, muriate, 
or sulphate. The circumstances which affect the reduction 
of gold, affect also that of platinum; and the observations 
already applied to the former, arc also applicable to the latter, 
therefore it is needless here to repeat them. The nitro-muriate 
of platinum is a ready conductor, and requires but a very 
small platinum wire for the positive pole. The colour of the 
platinum thus reduced, is somewhat that of bright steel, 
forming a strong contrast to the absolute black powder, in 
which state it is employed for my battery. 

(170.) Palladium is soluble in nitric acid, containing a trace 
of muriatic, and the circumstances to be attended to for its 
reduction, are the same as those for the preceding metals. 
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(171.) In the reduction of all these metals, a compound 
battery, witt a positive pole of platinum in the decomposition 
cell, is to be used; and the size of this vrill influence the 
quantity of electricity, (fig, 7.) 

The single cell apparatus might be used for the reduction 
of these metals, but it is very ill adapted, on account of its 
being so unmanageable. It should be so constructed as to 
admit the passage of very little electricity, and I have found 
the glass tube, with a capillary bore, the form best adapted for 
the inner vessel (113). 

(172.) Silver, on account of its universal importance, de- 
mands our most serious attention. The nitrate, sulphate, 
acetate, hypo-sulphite, and ammoniuret, must be separately 
considered. 

As a solution, from which the silver is to be reduced, the 
nitrate is for many purposes the most unfavourable of all, and 
when this salt is used, the hydrogen has a great tendency to be 
evolved from it, and therefore a relatively feeble current must be 
employed. The decomposition cell may contain a positive pole of 
platinum, or even of silver, as the latter will, by being dissolved, 
alnajs maintain the same state of saturation of the fluid. 
When a positive pole of silver is emphiyed, there is a risk of 
matenally increasing the quantity of electricity, and therefore 
only a silver wire should be employed ; and then the distance 
which the operator places them in the fluid, will accurately 
regulate the amount of current. The negative pole to be 
placed in this solution, for the purpose of receiving tlie preci- 
tated metal, may consist of either gold, platinum, charcoal, or 
silver; but the other metals are not at all fit for the purpose, 
owing to the energy with which they decompose the solution. 
The strength of the solution of this salt may be from ten to 
four hundred and twenty grains to the ounce of water, taking 
care that the electricity is regulated in its quantity, accord- 
ing to the strength of the solution, in the manner already 
directed. 

(173.) The next solution of silver is the sulphate, a very 
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sparingly soluble salt, but nevertheless, a very valuable one 
from which to reduce the metal, as it is well adapted to 
those metals which have a stronger affinity for oxygen than 
silver. From this solution, by using a feeble current of electri- 
city, silver may be precipitated on to copper. We must use 
all our endeavours to prevent the evolution of the gas in these 
cases, and the use of whiting appears to accomplish this 
object. It is to be rubbed over the object, previously to its 
insertion in the fluid, and also several times during the con- 
tinuance of the process; the success of which seems to depend, 
in a great measure, on the frequent application of the whiting 
to the whole surface, in order to remove any of the dust of 
silver which may form. 

(174.) The acetate of silver is also a sparingly soluble salt, 
and well adapted for our purpose. Still, with this salt care 
must be taken to regulate the quantity of electricity. Upon 
the whole, these two last mentioned salts are the best adapted 
for solutions, from which to reduce the metallic silver. 

(176.) The hypo-sulphite of silver may be readily made, by 
adding any hypo-sulphite, such as that of potass, to the nitrate, 
chloride, or any other salt of this metal. There appears to be 
a strong attraction between silver and this acid, as the hypo- 
sulphite decomposes the most insoluble salts of silver. The 
hypo-sulphites of the alkalies may be prepared, by adding 
sulphurous acid to their sulphurets; as for instance, to the 
sulphuret of potassium or sodium. This salt of silver is pretty 
soluble, and will bear a larger quantity of electricity for its 
decomposition, than the nitrate. 

(176.) The ammonio nitrate, and ammonio chloride of silver 
are very soluble, but do not oflfer any particular advantages 
for the purposes of metallic precipitation. Great care is 
required in the use of these salts, for if the solution, by being 
kept for some time, be allowed to evaporate, so as to leave 
dried portions adhering to the sides of the vessel, it can no 
longer be even touched with safety; for a fulminating salt is 
thus formed, which if merely touched with the finger, in order 
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tg remOTe it from the eitlee of the vessel, will explode with 
mischievous and awful yiolence. 1 take particular notice of 
this fact, as I nearly lost my right eye in learning it. These 
salts are good conductors, and their solutions may be used of 
any strength. It should inyariahly be alkaline, from excess of 
ammonia. A negative pole suitable for the reception of the 
silver, may be made of platinum, gold, palladium, carbon, or 
silver itself, all of which are unaffected by the solution, and 
thus whenever we desire a duplicate of silver, the original 
should always consist of those metals. 

The spongy mass can be obtained from any of these salts, 
with the utmost readiness, by increasing the quantity of elec- 
tricity. 

(177.) Nickel does not demand much attention. It may be 
reduced from its nitric solution by using a feeble current. 
Being a noble metal, as well as a cheap one, it may be very 
valnable for coating copper and other metals. With this 
substance, aa witli every other, we must take care that the 
hydrogen Is not evolved from the negative metal, though at the 
same time, it should not be far below the point of evolution. 

(178.) Although the management of the last described 
metals be extremely interesting, from the novelty, yet perhaps 
no metal is more important tlian (topper, for the purposes of 
reduction. Its reduction may take place from several of its 
salts, of which the sulphate, muriate, nitrate, and acetate, are 
the most worthy of attention. The sulphate is most commonly 
used, because it is the cheapest. It dejjosits thirty-two grains 
of pure metallic copper, for every hundred and twenty-five 
grains of the sulphate, decomposed by the voltaic current, and 
thirty-four grains of zinc are dissolved, for every thirty-two 
grains of copper, which are reduced. It is a salt of rather 
difficult dccomiHisition, and offers considerable resistance to 
the passage of the electric current. Its conducting power, 
and therefore its facility of decomposition, may be increased 
by adding acid to the solution, which may be either dilute 
sulphuric, or dilute nitric acid, A solution, made by dissolving 
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one pound of the salt in four pounds of water, and by after- 
wards adding from one tliird to one half of its bulk of dilute buI- 
phuric acid, is best adapted for many purposes. The dihite acid 
should consist of one part sulphuric acid to eight of water, well 
mixed together. This solution answers extremely well, when we 
have to cover non-conducting sabstances, to which a metallic 
or black lead covering has been given; because the hydrogen, 
with a sufficient battery, has not such tendency to be evolved. 

A variation may be made in this fluid, by employing rather 
less dilute sulphuric acid, ami at the same time adding a little 
nitric acid, by which the conducting power of the solution is 
naturally increased. The nitric acid attacks the positive pol^ 
so that the metallic solution is apt to become stronger. When 
this takes place, the solution muct be dihited. Tlie positive 
pole is more apt to be attacked after the action has continued 
some little time, for nitric acid is formed, which assists the 
solution. In both these cases, the reduction takes place with 
considerable rapidity. The effect of the acids is to diminish 
the resistance offered to the passage of the electric current, 
which is virtually eijuivalent to increasing the intensity; and 
we find that the quality of the copper obtained by either of 
these methods is the same, being soft, flexible, malleable, and 
ductile, but not very elastic. To obtain these qualities in the 
most eminent degree, the hydrogen should be so regulated to 
the strength of the solution, that afler the plate has been for 
some hours in the solution, a few bubbles shall be seen to 
adhere. We generally require the copper to be somewhat 
harder, and more elastic than this; to accomplish which, we 
slightly increase the strength of the solution. 

The acid solution must not he employed, when the negative 
})late, or mould to be copied, consists of a more oxydable 
metal than copper ; for the acid would act upon it, and per- 
haps even entirely dissolve it. In this case, a neutral solution 
must be used. If in these cases, the copper is requlr'd to 
possess the qualities which I have before described, a series 
of two, three, four, or more batteries must be used, by which 
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means intensity is obtained, and the tendency to the evolution 
of the gas is increased. The cost would be at the same time, 
double, treble, or quadruple, of that attending the application 
of one battery. A flexible state can be also obtained by uaing 
a dilute neutral solution, with a single battery, or even by 
employing a stronger solution kept at an elevated tempera- 
ture, 

We can obtain the copper of the utmost possible hardness, 
though slightly brittle, if we are desirous of employing it in 
that state, by adopting a somewhat different arrangement; 
we employ a saturated solution of sulphate of copper, without 
any acid, a very large positive pole, and we use a cell of such 
size, that a considerable quantity of electricity is generated. 
In this case the copper will be found extremely hard, and 
somewhat crystalline in its appearance. This state may be 
termed the greater crystalline, and the brittleness depends 
upon the crystals which form its structure, as a mechanical 
dissection will show ; for if a piece of this copper be broken, 
a slight adhesion only will exist between the different particles 
of the copper. When we throw down the copper, however, 
in this state, it is apt sometimes to play curious freaks ; for 
the reduced metal, appearing to he abundant, passes to the 
back of the plate, causing nearly as much deposit behind as 
before. Sometimes it will pass to the corner, producing 
eifloresences apparently from a similar cause. 

1 79.) From tlie preceding statement it is apparent, that it is 
quite a vulgar error to supjiose that the brittleness or flexibility, 
the hardness or softness of the copper, depends alone upon the 
greater or less quantity of electricity passiug, or in other 
words, upon the rapidity of the process, for a plate may be a 
fortnight in its precipitation, and yet so brittle as to break 
with the slightest touch ; and again, when the process has 
been performed in two days, the metal has exhibited great 
flexibility. We may reverse these results by altering the 
circumstances; thus, a plate may be a fortnight in the 
making, and by using awcak solution, and a slight current, 
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be yet flexible ; or it may be made in two daya, and stil 
brittle, by using too great a quantity in a very strong solution." 
The flexibility depends upon the quantity of electricity being 
suited to the facility with which the reduction of the metal 
from any solution is efl^ected, and upon the quantity of salt 
contained in the solution; thus, with a neutral solution of 
sulphate of copper alone, in order to obtain a flexible and 
soft plate, a small quantity of electricity must be employed, 
and that with a weak solution, if it is attached to only one cell 
of the battery ; a stronger solution, with a series of batteries, may 
be used with the same result. If the solution be very acid, a J^ 
more considerable quantity of electricity of a single cell may 1 
be employed with the same result, agreeably to the laws 1 
regulating the precipation. 

Extreme brittleness may be produced by using a deficient! 
quantity of electricity in a strong solution. In fact, the plat«V 
looks as if it were nothing but an agglomeration of sand: 
This state may be called the lesser crystalline. 

Tlie copper may be always thrown down as a black pow- 
der, by employing a very powerfiil battery, or by the other 
general methods stated in the description of the laws. 

(179.) The nitrate of copper is a salt far more easily de- i 
composed than the sulphate, It i? an expensive salt, out of'J 
all proportion to the trouble of preparing it but in the fonB-I 
of apparatus, where the solution is kept at the same strength, I 
by the aid of a copper positive plate ; the first expense is f 
the only one incurred, and thus it becomes a question, whether 
for general purposes, it be not better to employ the solution 
of nitrate of copper. The electro-metallurgist may readily 
prepare it for himself by dissolving metallic copper in nitric 
acid. The operator must be careful not to expose himself to 
the nitrous fumes which are then generated, as by inhaling 
them, the pulse would be lowered, and other disagreeable 
consequences produced. It may be acidulated with nitric acid, 
which will increase its conducting power materially, so much 
that scarcely any impediment will be offered to the current of 
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a single piece, wlien a copper positive pole is employed. The 
hydrogen here has & tendency to be evolved, because but little 
impediaient is afforded to the passage of the electric current. 
The copper from this solution is excellent, and the rapidity of 
its deposition exceeds that obtained by the use of all other 
salts of this metal, because it will bear the solution to be 
stronger, and still offer some resistance. When this solution 
is employed, a pound of the salt may be di^olved in a pint 
and a half of water, and acidulated with half an ounce of 
strong nitric acid. From a saturated and acidulated solution 
of this salt, we can obtain a copper plate in the most rapid 
manner possible. The positive copper pole should be of the 
same size as that of the negative plate, and the two poles 
should be placed within half an inch of each other. A series 
of from four to six batteries must be employed at ordinary 
temperatures, though at high temperatures less would suiRce. 
A plate of copper should never be made in this way, unless it 
is wanted in a great hurry, for although the copper is the same 
in quahty, or even slightly superior to that obtained by a single 
cell, yet the expense attending its precipitation is greater. 

(180.) The muriate of copper may be employed, but I do 
not know that any advantage attends its apphcation. It is 
not so readily decomposed as the nitrate, but more readily 
than the sulphate. There are many other salts of copper, but 
for general purposes they do not offer any interest to the 
electro-metallurgist. Other salts may be used, as the ammo- 
niuret, acetate, and hypo-sulphite ; these salts offer no ad- 
Tantoge, when copper or any other metal of less aifinity for 
oxygen, is used for the negative plate ; yet, with metals having 
a greater affinity for oxygen, they may be employed with ad- 
vantage, for it is important that the negative metal of itself 
should exert no action upon the saline solution, otherwise the 
duplicate will be impaired. 

(181.) Acetate of copper is formed by digesting common 
verdigris in acetic acid, and evaporating the product till crys- 
tals are obtained. It is a salt difficult to decompose, requiring 
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tlie intensity of several cells. The only advantage of its 
application, is the property which it possesses of not being 
decomposed by iron, whilst it L? neatral. 

(182.) The compounds which ammonia forms with the salts 
of copper, are the ammoniuret of the oxide, the aramonio 
nitrate, and amntonio sulphate of that metal ; the reduction 
of the metal from these, is attended with difficulties, and it is 
requisite that the solution be alkaline from the presence of 
free ammonia. Iron and steel do not spontaneously decom- 
pose the compounds, but I am afraid that the only benefit 
attending their application will not compensate for the trouble 
and difficulty attending on this process. Both the last salts 
require a series of batteries to effect their decomposition. 

As a summary of the modes of proceeding with various 
solutions of different strengths, it is to be observed, that the 
more readily any particular salt can be decomposed, the 
stronger may be the solution ; the more difficult of decompo- 
sition, the weaker. A more concentrated solution of a salt 
requires more intensity and quantity than a weak solution, 
whilst a weaker solution may have the current of a single 
battery passed through it. These comprise the whole of the 
practical secrets for regulating the quality of the copper, and 
they have materially assisted in the discovery of the general 
laws which have been already laid down, for in every case 
the hydrogen is near its evolution when the texture of the 
copper is at its utmost degree of tenacity. 

(183.) It baa been mentioned, that rolled copper maybe 
used as the positive plate of the decomposition cell, as, during 
the action of the battery, it is dissolved to an amount equal to 
that reduced at the negative plate. It is curious to notice how 
regularly the plate is thinned, until the whole is removed; 
hut during this process, a considerable quantity of black 
matter is left, apparently charcoal, arising from impurities in 
the manufacture of the copper. If an electrotype plate be 
made the positive pole of the apparatus, no remains will be 
left, but every particle will be dissolved, 

"And leave Dot a wrack beliind." 

Kt, — 
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The piece of copper from the poBitive pole of the battery 
may be partially dissolved by coating the rent with any var- 
nish or substance which can resist the action of the fluid, a 
property of which hereafter we shall have more particularly 
to speak. 

(184.) The negative pole may consist of plumbago, char- 
coal, gold, silver, platinum, palladium, nickel, and copper 
itself, for all these are suitable for the reception of copper. 
All other metals are more or less acted upon by the solution, 
though lead and its alloys may be used with the sulphate of 
copper, especially if it be diluted. Tin is much inferior to 
lead, for the reception of this metal, being more readily acted 
upon. 

(185.) The copper thus reduced, assumes the form and 
appearance of the cast on which it is deposited. If the surface 
of the original be polished, the duplicate will he bo likewise, 
And the colour will, in many cases be slightly influenced, es- 
pecially where copper has been used as the original. The 
surface b not so brilliant, where lead, tin, and such metals are 
employed, but when black lead is applied on smooth surfaces, 
as sealing wax or white wax, the surface of the duplicates will 
be perfectly bright. 

(186.) For copies of medals, a copper surface is not desi- 
rable, bronze having a much better appearance, and this may 
be communicated in various ways. The one most generally 
adopted is the following. The medal is to be covered over 
with oxyde of iron, and placed in a muffle, and in this state, 
exposed to heat ; when removed from the fire, it simply 
requires to be brushed, and is then fit for the cabinet. 

Generally, however, we adopt more ready methods of pro- 
ducing the bronze ; one of which is to brush the medal over 
with black lead, immediately upon its removal from the solu- 
tion. It is then placed on the fire till moderately heated, 
when it may be smartly brushed with a hog's-briatle painting 
brush, the slightest moisture being used at the same time, in 
order to remove the black lead, when an uniform shining 
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bronze is obtained. There is no method of bronzing to be 
preferred to this for beauty, as a medal not two hours old 
displays the fine colour of antiquity so much prized by numis- 
matists. In these operations, I believe an oxyde of copper is 
produced, to which the effect is to be principally attributed ; 
it is a singular fact, that a medal can only be tbus bronzed 
when fresh from the solution, for if it be allowed to remain 
unbronzed for a few days, it will not take the appearance by 
any contrivance whatever. 

Instrument makers have a mode of bronzing the copper 
which is used for binding screws and other parts of their 
apparatus. It is simple and effectual, for the metal is simply 
to be rubbed over with a little weak solution of platinum, 
vphen the copper, or a portion of it is dissolved, and an equi- 
valent proportion of platinum is thrown down. They gene- 
rally protect this from change by varnish, but tliis should 
never be applied to delicate impressions. A solution of gold 
would answer the same purpose, did not its value prohibit its 
application. 

Another valuable method of bronzing, is that by the appli- 
cation of a very weak solution of the hydro- sulphate of 
ammonia, or the sulphuret of potassium to the metal, when a 
sulphuret of the metal is obtained, which is of a very beautifiil 
colour. 
The object of all these methods is to throw up the fine 
irkmanship, a result which is efficiently obtained in the 
ilour given by the methods which have been described ; the 
choice of these is left to the operator, but perhaps none excels, 
or even equals the mode of bronzing by black lead, when 
that operation is performed with care, and in the manner which 
has been described. 

(187.) Zinc may be thrown down from its sulphate, by 
placing in a solution of this salt, the metal which is to receive 
the deposit. This is to be connected with the zinc of the 
battery, while another piece of zinc is connected to the silver. 
The depth to which the zinc ought to be immersed in the 
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Bolutlon, miut be eo regulated, that the hydrogen is about tlie 
point of its evolution. Bather a feeble current muat be em- 
ployed for this purpose. The reduction of the zinc is not of 
much importance in itself, although very interesting when 
considered with reference to the plates of galvanic batteries; for 
if one battery in a compound series, from any cause, lias the 
whole of its exciting fluid neutralized, then will that cell be 
in the same condition as the apparatus employed for the re- 
duction of the zinc, and immediately will zinc be deposited 
on its negative metal. This will occur with all the forms of 
batteries now employed, although it is a property of no con- 
sequence, as the action of the battery ought to be stopped 
before it has so thoroughly exhausted itself. When this 
deposit takes place, it can readily be removed by placing the 
plate in contact with any metal which can act as a negative 
plate to it. The necessity of this arises from the difficulty 
with which pure zinc is dissolved iu acid. As soon as a dozen 
or more batteries, arranged as a series, have their exciting 
fluid saturated with sulphate of zinc, the zinc will be deposited 
on the negative plate, if a single battery only out of the whole 
number contain any acid ; thus eleven batteries out of twelve 
may have their negative metal thickly coated, whilst the last 
will not have the smallest trace upon it. Zinc is never found 
in all the batteries of a series. 

(188.) The salts of iron have a strong tendency to be 
peroxydised, in which state they cannot be reduced by the 
voltaic current. We must use therefore the proto-sulphate of 
iron ; this is prepared very excellently for the use of chemists, 
as great pains are taken in the preparation of it. Every dis- 
pensing chemist prides himself on the excellence of liis par- 
ticular sample. The reason why this care is taken is owing 
to the circumstance that this salt will not turn black wiih 
tannin, while the mixture becomes ink with the per-sulphate. 
The medical man is very apt, from a deficiency of knowledge 
in chemistry, to prescribe, in conjunction with this salt, some 
vegetable substance, cuutuining tannin, so that his unlucky 
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patient lias the disgust of drinking a black inky fluid for iii*"! 
physic, if the salt contains the smallest quantity of tlie per- \ 
sulphate. But to return; the reduction of metallic iron must 
take place from a solution of the proto-sulphate. The metal 
upon which the deposit is to he effected, b connected with 
the zinc of the battery, whilst an iron nail is connected 
with the silver; the battery may vary from a single cell to 
a series of twelve or more cells ; I prefer several cells. The i 
nail is to be just so far dipped into the solution, that th« J 
minutest quantity of bydrogen, or none at all, is evolved from'^ 
the metal to receive tlie iron ; and after the lapse of a short 
time, the negative metal will become coated with metallic 
iron. The reduced metal is brighter, and rather whiter than 
polished steel, but it soon tarnishes in the air. J 

How far this will prove of importance for magnetic pur- 1 
poses, has yet to be determined. The reduction of this metal, ^^ 
aud the means which I have pointed ont to be necessary, A 
again aSbrd proof of the value of the laws which have been \ 
laid down in a former chapter. ■ 

(189.) Lead is a difficult metal to manage, for it prefers I 
taking its own course to taking yours. It may be reduced n 
from the acetate without crystallization, by using a very dilute 
solution of the salt, and acidulating it strongly with acetic or 
with a small quantity of nitric acid. The reduction of this 
metal is utterly useless, except as illustrating again the truth M 
and universality of our laws. We may either use a series of m 
batteries with a platinum positive electrode, or a single cell M 
with a lead electrode. J 

(190.) Tin is as obstinate as lead, but may be conquered in J 
a similar manner. The solution, from which the metal may m 
be reduced, is the nitro-muriat«, much diluted with acetic M 
acid ; we may use a single battery with tin for the positive- \ 
electrode, or several cells with a platinum positive -electrode. 
(191.) We have now treated of the principles by which the 
^most important metals may be reduced. We have seen that 



88 CONCLUSION. 

the mode of generating electricity may be either by a simple 
circuit, where the substance to be used takes the place of the 
negative metal, to a piece of zinc continued in a porous jar, or 
by a galvanic battery, when the original mould acts the same 
part in a second cell. The particular battery to be employed, 
must be selected after a due consideration of the facts stated 
in the preceding book, but the principal points to be attended 
to are the properties of long continued action and simplicity. 
The foregomg details are the results of experiments performed 
with my own battery. The only influence which it has had 
upon these results, has been, that I have entirely devoted that 
time to the experiments themselves, which otherwise would in 
a great measure have been spent in the manipulation of other 
batteries. 
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(192.) The infilming of one metal by another, ia a subject 
of much, interest, and the process has received different names 
according to the metal employed for that purpose. Thus, 
when gold is used, it is termed gilding ; when copper, copper- 
ing ; silver, silvering, or plating, &c. In every one of these 
cases we have to be careful that the two metals adhere, and 
for this purpose we take means to prevent any film of air 
remaining on the first plate, as that would cause a separation 
between the metals. We apply heat, we scour the plate, or 
where it is possible, we slightly act upon the surface of the metal 
to receive the new deposit, taking care thoroughly to wash 
the metal after this operation. 

(193.) Voltaic gilding is, in most cases, remarkably easy, 
for if we take care to follow the laws which I have detailed, 
it will be attended with very little trouble. The metal to 
receive the gold, may be either platinum, palladium, silver, 
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copper, carbon, or gold itself. The surfitce should be chemi- 
cally clean, and freed from adherent air, either by plunging 
it into nitric acid or a solution of potash, or by heating it and 
then quenching it in acid. The smoother the surface, the 
more favourably the deposit will take place upon it, for a 
rough surface is not well adapted for these operations, because 
the hydrogen has a great tendency to be evolved from them. 
When the metal to be gilt does not decompose the solution of 
gold, the solution may be stronger. When, on the contrary 
the metal, as silver or copper, acta upon the solution, it 
must be weaker. The electrical current must be suited to 
these varying circum stances, and in general a very feeble one 
must he employed. 

(194.) For gilding, De la Rive uses a single battery; that 
is, a porous tube as an inner cell, and the solution of nitro- 
muriate of gold in the outer cell. The inner cell in this case 
must be charged with water, to which about a drop of sul- 
phnric acid has been added, and only a small piece of zinc 
should at the same time be employed. 

For these operations, a diaphragm should be selected, which 
will allow only a feeble current of electricity to pass — thick 
bladder or thick plaster may be employed. A tube, as formerly 
described, with one end drawn to a capillary bore may be 
used for the same purpose. 

The outer cell must contain a weak solution of nitro-muriate 
of gold, with a few drops of acid. Here the negative metal 
may be of considerable size with advantage, because that 
lessens the proportional quantity of electricity to each re- 
epective part of the metal. The negative metal, particularly if 
it be silver, copper, or their alloys, must not be in the fluid a 
moment before connection is made with the line, because in 
that case the silver would of itself reduce the gold by elective 
affinity, or by being itself dissolved, and then it will not adhere 
firmly. 

(195.) All these methods appear to me very objectionable, 

id a far more nianageable raoilc of gilding, is to take three, 
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four, or more, of my batteries, and cliarge them with very dilute 
sulphuric acid. At the two extremitiea attach platinum wires, 
one connecting the line of the battery with the metal to be gilt, 
the other forming the anode or electro- positive pole in the de- 
composition cell. (fig. 7.) The muriate of gold must be diluted 
and slightly acid. Into this, the platinum wire, which is con- 
nected with the silver of the batteries is to be placed, but it 
must be immersed only to a very trifling depth. Having thus 
completed these arrangements, the object to be gilt is made 
to communicate with the zinc of the battery, and immediately 
on its being placed in the solution, the gold will begin to be 
precipitated. 

Every portion of the object on which we are desirous 
not to have the layer of gold, must be coated with tallow, was, 
or any other non-conducting substance, which will prevent any 
deposit from taking place on those parts. In this way, an 
object may be coated up to any desired limit, or upon any 
circumscribed parts of its surface, as, for example, drawing 
or writing thereon. The rapidity of the process may be 
regulated to the greatest nicety by placing more or less of the 
jtositive wire in the solution, by which means, as in other 
cases, the quantity of electricity passing may be regulated 
with the utmost precision. 

To conduct this elegant process with the greatest economy 
of time, the quantity of electricity should be so regulated, that 
the hydrogen is kept just below the point of evolution from 
the negative plate; for we must always bear in mind, that 
the evolution of hydrogen b attended with evil, as the pre- 
cipitate will be in the finely divided state, or black powder. 

During the process, particularly if the object have a rough 
surfuce, it is a good plan to remove it once or twice from the 
solution, and to rub it with a small quantity of whiting and well 
wash it ; by these means, any finely divided metal will be remo- 
ved, and the gold will be precipitated in a very even manner. 
The coloui- of the gold, if the precipitated layer be very thin, 
will be a greenish yellow, but when thicker it will be the 
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natural colour of the pure metal. A little copper added 
the solution of gold will cause the precipitated metal to he 
very red. The preceding observations apply equally to those 
cases where we desire to gild platinum, palladium, silver, or 
gold itself. 

(196.) To gild copper is more difficult than to gild silver, 
because a small (quantity of copper is apt to be dissolved, thus 
rendering the gold exceedingly red ; but still with a very 
dilute solution of gold, and by using the mere point of the 
positive wire, it may be effected. Slight differences in the 
arrangement, according to the nature of the object to be gilt, 
may be advantageously made. 

When we desire to gild silver spoons, they are to be first 
thoroughly cleansed by the processes previously detailed, after 
which the backs and edges are to be slightly greased. The 
handle of the spoon will serve to make connection with the 
zinc of the battery, which must consist of at least three cells. 
Into the bowl of the spoon tbe solution is now to be poured, 
and immediately afterwards the point of a fine platinum wire, 
connected with the silver of the battery, is to be dipped into 
the liquid, when the deposition will commence. The interval 
of time which elapses between the placing of the solution in 
the spoon, and the completion of the circuitby the wire joining 
the silver of the battery, should he as short as possible, in order 
that no time may be allowed for the local action of the silver 
on the solution of gold, for should that unfortunately occur, 
the adhesion of the gold is impaired. The strength of the 
solution should not be too great at the commencement of the 
process, so that local action in the fii-st instance may be pre- 
vented ; but after a thin layer of gold is obtained, the solution 
may be of any strength. 

The interior of any silver vessel may he gilt in the same 
way, be it ever so large, taking care, if the surface be very 
extensive, to allow more of the platinum wire to dip into the 
solution of gold. (fig. 7.) The exterior of any vessel may be gilt 
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placing the vessel in the solution as before described, but this 
does not require any further notice. 

(197.) The process of gilding by galvanic precipitation, from 
a solution of golJ, is very different in ita effects from the 
method patented by Elphinstone, termed water-gilding ; by 
the latter process the metal which is to be gilt is dissolved in 
a proportional equivalent to the gold deposited, and therefore 
as soon as a mere surface of gold is obtained, no farther depo- 
sition can take place ; but when the gilding is effected by the 
galvanic battery, any amount of gold may be applied upon 
the object ; a consideration of no small importance, as upon 
the thickness of the coat must depend the durability of the 
gilding. 

It is not the solution of nitro-muriate of gold which is used 
for water gilding, but a solution of the oxide of that metal ia 
potash. The solution may be prepared by adding caustic, 
potass, or its carbonate to the ordinary solution of gold, in 
such proportion that the precipitate first formed is re-dissolved, 
and then it is fit for use. When any article is to be gilt, after 
being first thoroughly cleaned, it is plunged into the hot 
solution, and a thin coating is soon obtained, at the expense 
of a small quantity of silver, 

(198.) There are, besides these processes, other modes of gild- 
ing used in the arts; as gilding by amalgamation. In this case, 
a mixture of finely divided gold and mercury is rubbed over 
the object, and the mercury is afterwards driven off by heat. 
This process is very detrimental to the health of the workman, 
as the fumes of mercury are extremely poisonous. It is to 
be hoped therefore, that the process of gilding by the galvanic 
current, will, after a period, entirely supersede this most 
injurious operation. A comparison between the durability 
of gilding by the galvanic process, with that by the other 
methods, can only be made after the lapse of a considerable 
period ; I find however, that some spoons and other articles 
which I gilt by the battery, wear extremely well. The thick- 
ness of the deposit can be regulated with the utmost accuracy. 
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from the thinnest possiljle layer to a coating of an inch in 
thickness. Electro gilding appears not to he generally appli- 
cable for non-conducting substances, for I have not at present 
succeeded in applying the gold to any extensive surface, 
although I have seen it grow, for a short distance, over black- 
leaded sealing-wax. Perhaps by using the strongest solution 
of gold, it may be possible to gild surfaces in that way. 

(199.) Platinating metals by the galvanic current, is a new 
feature in science. Tlie process is similar in all respects to 
gilding, but is more difficult. The solution of the nitro- 
muriate of platinum must be very weak, and the battery 
must he charged with dilute acid. The object to be coated 
must be very smooth, and thoroughly cleansed by potash, 
before the process is commenced. Having proceeded thus 
far, and the solution of platinum being ready, a very fine 
platinum wire, in connection with the silver of the battery, 
must he placed so as to dip into the solution, hut must not be 
immersed beyond a very short distance. The object to be 
platinated is now ready for connection with the zinc of the 
battery, after which is effected, it is to be dipped in the solution, 
(fig, 7.) Immediately, oxygen gas will be given off from the 
platinum wire, in connection with the silver. From the copper 
or other metal to be platinated, no gas will be evolved, provided 
too much electricity be not generated. In a few^ minutes the 
object will be coated with platinum. During the process, the 
object should be withdrawn from time to time, and rubbed 
over with a little whiting. 

This process must not be confounded with that by which 
the negative metals are prepared for my battery, for in this 
case, the platinum is precipitated of the colour and appear- 
ance of platinum, but in the latter case it is thrown down 
as a black powder. The first I propose to name platinating 
metals, in contra-distinction to platinizing. To platinize 
metals, we use a strong current to throw down the metal in the 
black powder; to platinate, we may employ solutions of any 
strength, but we must use more moderate currents. 
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The apecimeiiB which I have prepared of this method, -will 
not resist the action of nitric acid, hecEiuse there are generally 
some little 6s9ures uncovered, some little crack which admits 
the nitric acid, which tears off the platinum in thin scales. It 
is not applicable to rough surfaces, as it is necessary that the 
sur&ce for its reception should be smootli, if we wish to insure 
the absence of any black powder. The colour of the metal thua 
reduced is so similar to polished steel, that it would be diSicult 
to distinguish the one from the other. It is needless to say 
that it has a very beautiful appearance. It would be of great 
value as a coating for telescopes, microscopes, quadrants, and 
a hundred other articles which must be expoeed to the action 
of the weather. 

(200.) To palladiate articles, we adopt methods similar in all 
respects to those used in platinating them, (fig, 7.) We employ 
the nitro-muriate of palladium in a dilute state, and apply the 
whiting, as in the former eases. Tins metal is whiter than 
platinum, but not so bright as silver. It might be used in the 
same cases, and with the same advantages as platinum; and 
we have besides, twice the bulk of metal in the same weight. 

(201 .) Silvering or plating by the galvanic current is difficult, 
but the means to be pursued are similar to those already pointed 
out. The surface of the object which we desire to coat, must 
be cleaned by solution of potassa, and then rubbed over with 
whiting; after which, it is ready for insertion in the fluid. 
The galvanic arrangemente are similar, with the exception, 
that instead of a platinum wire, a silver wire should be used 
as the oxygen pole or anode, or in other words, that in con- 
nection with the silver of the battery. The object, as in those 
cases, must not remain a single instant in the solution whilst 
the circuit is incomplete. All further arrangements are similar 
to those described for gold, and do not require repetition in 
this place. The solution must either be a weak sulphate, 
acetate, or hypo-sulphite of silver, with a little dilute sulphuric 
acid. After the metal has been in the solution for two or 
three minutes, it will assume a dark colour, when it is to be 
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reiaoTcd and rabbed over with whiting, and this process 
repeated, till a sufficient thickness of metal is obtained. The 
regulation of the quantity of electricity is important, and is 
best effected by using the finest possible piece of silver wire 
as the positive pole. 

(202.) In the description given for coating other metals 
with a thin film of any of the noble metals, a weak solntion 
has been recommended, as less likely to favour local action; 
but if we are desirous of coating any metal, where no elective 
affinity can take place, the metallic solution may be used of 
any atrength. 

(203.) Metals may be covered with nickel, by proceeding 
as in the former cases. The solution to he used is the nitrate 
of nickel, but tliis metal is not of very easy reduction. 

(204.) Various substances, both metallic and non-metallic, 
may be coated with copper by the agency of the galvanic current. 
The solution to be employed, and the apparatus to be used, 
have been already fully described. The advantage of its 
application relates principally to non-metallic substances, 
which may, in this way, receive a metallic surface of pure 
copper. Not the slightest difficulty would attend the coppering 
of almost any metal ; but as this is never likely to be required, 
there is no need to enter upon the subject. 

(205.) Coppering non-conducting substances may de divided 
into two departments, the first of which contains those which 
require the deposit to assume, as nearly as possible, the form 
of the original substance. The second comprises those cases 
where the deposit is desired to be in a crystalbne state. 

A somewhat different arrangement is required in each case; 
for in the first, the battery and solution must be so arranged 
that the hydrogen is near the point of evolution; but in the 
second, the solution may be much stronger, and the quantity 
of electricity may be increased by increasing the size of the 
battery, and the surface of the positive copper pole in the 
decomposition apparatus. 
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(206.) In the first diviaion we have delicate substances, sucli 
as medallions, &c. The substances of which the cast is made 
slionld be rendered non-absorbent by the processes already 
described. It is then to be brushed over with black lead, and 
at the edge, a very fine copper wire is to be once twisted, in 
order that perfect contact may exist between the battery and 
black lead. It is now ready to be placed in the solution oi 
acidulated sulphate of copper, the end of the wire having been 
first connected with the zinc of the battery. After this has 
been done, the last thing is to place a piece of waste copper iu 
the solution, of about the same size as the cast, and to connect 
it, by means of a wire, with the silver of the battery, (fig, 3, 
fig. 4.) Action will Immediately take place, the copper will lie 
dissolved, and the metal precipitated on the black lead of the 
object, spreading over the surface till the whole is covered It 
is as well perhaps, to use two batteries arranged as a series for 
this purpose, as that will ensure the uniform spreading of the 
copper over the medal. The medal must not be left in long 
after it has been coated, as that will detract much from its 
sharpness and beauty ; after it has been taken out, it may be 
rubbed over witli coarse paper to remove any little asperity 
that the copper has thrown up. To the numismatist this 
process will appear barbaric, as he would consider that it 
would detract from the beauty of the medal; but though 
decidedly detrimental, it is not so injurious as might at first 
sight appear to coarse objects, because as the copper ia of 
nearly uniform thickness all over, the effect ia to increase in 
size the whole design. To the sculptor and architect perhaps, 
it might be used with advantage to coat statues or other 
ornaments. 

(207.) A pretty application of the art of coppering, ia 
suitable to horticulturists, as by its means, fruit, vegetables, 
leaves, seeds, and various other specimens may be coated with 
copper, either for ornament, or for the purpose of illustrating 
the size, form, and other peculiarities of the object. Apples 
and pears may be very readily coppered ; they are to be 
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bruslied over with black lead, and then a small pin is to be 
thrust in at the stalk ; to thie a wire should be attached, which 
ia connected with the zinc of the battery. It may then be 
placed in the solution, and the whole arrangement completed 
by the insertion of a piece of copper, which is to be connected 
with the silver of the battery. In a similar manner, cucum- 
bers, gourds, potatoes, carrots, and a hundred other vege- 
tables, seeds, and roots can be covered. The form, after the 
process, is so characteristic as to mark strongly the individual 
character of each. The condition in which the copper is 
thrown down, can of course be varied according to the laws 
set forth in the last chapter. For ornamental purposes, the 
crystaline copper is the most beautiful, but for a specimen 
intended to illustrate the form of the object, the smooth cop- 
per is best adapted. After the objects are completely covered, 
the pin is to be withdrawn, which will leave a little hole, 
and that enables the evaporating juices of the vegetable to 
pass freely out, and thus promotes the complete drying of the 
encased object. A cucumber which I coated during the past 
summer, appears now to contain scarcely any thing inside the 
capper, and the pears, apples, kc. consist of little else but the 
metallic coat. The botanist will readily perceive in what 
way this process may be employed for his advantage. 

(208.) A beautiful effect of metallic surfaces may be ob- 
tained by the deposition of crystalized metal on baskets. 
The wicker work must be blackleaded, and connected by 
means of a wire, to the zinc of a galvanic battery, when on 
being immersed in the metallic solution, and the circuit com- 
pleted, it will be covered with the most beautiful crystals of 
copper, sparkling in the light from the facets of thousands of 
little crystals. It is as well to pass a very fine copper wire 
round several parts of the basket, so that it may touch the 
black lead in several ]>Iaces, for this will insure the coating to 
be more rapidly complete. Any other mode of giving a con- 
ducting surface, will answer equally as well as black lead. 
The copper pole for these objects should he very large, and a 



ON COPPEBINR EARTHENWAHE, 99 

series of two or three batteries employed. The solution of 
sulphate of copper should be perfectly concentrated, for all 
these circumstances will tend to render the copper crystalline. 
Baskets thus prepared, and filled with metallic fruit, leaves, 
insects, kc, might be used as ornaments for the drawing 
room, and would greatly exceed in interest the usual ap- 
pendages; for if these objects were made by the individuals 
who possessed them, it would show his interest in the noble 
science of galvanism ; and if they were purchased, it would be 
the means of encouraging the application to the arts and 
manufactures of this powerful agent. It is indeed, now but 
a small germ, but will doubtless become a vast tree, which by 
bearing fruit will cause a great revolution in the manufactures 
of this country. Let the attention of the wealthy be directed 
to the subject, and let them patronize the ornaments made by 
these means, and then speedily will the artizan become more 
]>erfect in his work, and the galvanic fluid will be as com- 
monly used as steam or gas. I particularly dwell upon these 
circumstances in this place, because some coppered objects 
have been exceedingly admired, and many of them could 
not possibly have been made by any other process heretofore 
known. 

(209.) Earthenware, or any other similar substance can be 
coated in like manner with the metallic copper, but when 
these smooth surfaces are to be covered, some difficulty arises, 
which may be overcome by the previous application of a very 
little varnish. In this way, by coating a jar with copper, a 
Daniell's battery may be made. 

(210.) Metala may be coated with tin, lead, iron or zinc, in 
all of which I have perfectly succeeded by taking care that the 
deposit took place with such rapidity, that the hydrogen was 
not far short of Ma evolution, but not so rapiilly that the gaa 
was evolved. All these facts show the truth of the laws 
which we have before explained. In fact, I have succeeded 
in coating copper with almost every other metal by following 
the means which the laws already pointed out, dictate. Some 
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of these metals I found to be much more troublesome than 
others, and some will only g^ve an irregular coating, yet, by 
following the principles explained in a former book, any 
metal may be thrown down in the reguline state, whh more 
or less success. 

(211.) Some metais have a great tendency to crystallize, which 
must be remedied by using their solutions, largely diluted 
with acidulated water. The voltaic reduction oi these metals 
is never likely to be emplt^ed, and therefore it is quite niin&- 
cessary to enter into the processes niinutely. 

The facts in this book are generally new, and their applica- 
tion is extremely interesting ; for to those who follow galvanic 
science as an amusement, the exercise of the arts of gilJing, 
plating and coppering, will not only be interesting but useful ; 
in the arts doubtless they will assume a higher importance, 
and add new branches for the successful application of 
electridty. Those who are desirous of following these pro- 
cesses as a business, will find that practice alone will make 
them perfect; and as the scientific man details the principles 
to be pursued, so the mechanic must follow these laws, and 
regulate the details as his extended experience may dictate. 
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ON VARIOUS APPLICATIONS OF THE RE- 
DUCTION OF METALS BY GALVANISM. 



CHAPTER I. 

ON THE MULTIPLICATION OV COINS AND UEDAL3. 

Value of elcctro-metollar^ for the Duminnatlst, 213. Mode of obtaintng the 
iDoald, 313.— Directly by the voltaic current, 314.— By lead, fusible metal, Ac 
S15.— By Don -conducting aubstances, 816. Metallic duplicatea of gold, 217. 
Silver medals, 21S. Medals of platinum, 319. Copper medals, 320. Precau- 
tlonB to be taken to prevent air bubbles, 331. Apparatus to be employed, 332. 
Bingle cell apparatus, 333. ThicliiieM of themetal, 224. Hemoval of tlie cait 
from the mould, 33fi. Value of electro-metallurgy for medaltistB, 336. Ad- 
ditional advantages, 337. On the modes of malLlng perfect medals, 238. 

(212.) To the itumismatist, the reduction of the metals by 
galvaniam is of the highest importance, for on the one hand 
it presents hiin with the means of having casts of coins or 
medals, which on account of their great rarity he could never 
otherwise possess, and on the other hand it offers to the coin 
manufacturer the means of forging the more scarce coins, eo 
that the collector must be doubly careful in making his pur- 
chases. At present, I am afraid that our art in unskilful 
hands, has been the means of destroying so many medals, 
that no benefit which has yet accrued has been able to com- 
pensate for their loss. 

(213.) There are three methods of taking the duplicate of 
a coin or medal. By the first, a primary cast or an intaglio 
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18 made in metal, directly t>y the giilvniiic precipitation 
the second, a metallic cast of the medal is first obtained, 
either in fusible or type metal ; and by the third, we make 
the intaglio cast in some no u- conducting substance, as white 
wax, sealing-wax, &c. 

(214.) To take a primary cast at once from the medal or 
coin should not be attempted by an inexperienced hand, and 
never by any one from an unique specimen, for fear of any 
mischance. The process, however, is simple, and very valu- 
able, when we desire a very perfect intaglio impression of any 
coin or medaL The object to be copied is to be coated on the 
side where we do not require action to take place, with grease, 
wax, varnish, or other non-conducting substance. A very 
fine wire is to be passed round the rim, and then it is ready 
to be placed in the metallic solution. The adhesion of the 
air to the metal is of considerable importance in this case, and 
the metal should not be allowed to remain a single instant in 
the solution before the galvanic circuit is completed. 

The obverse and reverse can be copied by two operations, 
or even both by one, taking care to grease the rim, so that 
the whole medal may not be confined by the new deposit. 
This operation gives us two moulds, one of either side of the 
coin or medal, in intaglio. By this process a copper medal 
or coin is liable to have its bronze removed, but a gold or 
silver one will not suffer the slightest injury. This mould may 
be used for making plaster casts, sealing-wax impressions, or 
it may itself be again used as a mould to receive the galvanic 
precipitate, and we may thus obtain a very perfect relievo co]>y 
of the original. 

(215.) Intaglios may be taken off coins or medals in lead, 
pewter, lusible metal, tin foil, or silver leaf in the manner 
pobited out in the preceding books, and these intaglios are 
then to have a wire either soldered or placed in connection 
with them, when they will be ready for the reception of the 
metallic precipitation, (134, 135.) 

(216.) The third method, however, is the one which should 
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generally be adopted, for by non-conducting substances we 
can obtain most excellent moulds for receiving the precipi- 
tation. For coins, very amall medals,and caraeos, impressions , 
in good sealing-wax, are to be preferred by the amateur. (136.) 
These mnst have a fine wire melted into the wax, and be 
blackleaded, and then they are ready to be copied. (144.) 

Larger medals may be copied in wax, bees-wax and rosin, or 
plaster of paris. The plaster of paris must be rendered non-ab- 
sorbent by any of the processes given in a former book ; tallow 
or spermaceti are best adapted, and from their being always at 
liand, are to be preferred. They are then to be blackleaded, 
when tbey may be placed in the solution. By either mode, 
perfectly sharp medals may be taken. To the workman who 
requires to make a large number of metallic impressions of 
coins, I would recommend the use of a square piece of plaster 
of any convenient size, say sis inches each way, with impres- 
sions of medals as thick as he can put them. This might be 
easily managed by joining separate plaster moulds together 
till the size is obtained. This piece must be filled by the 
processes given before, blackleaded, and lastly, the metal is 
to he thrown down upon it. By this means be will obtain a 
slieet of coins, which he may either retain in that form, or 
by cutting them out may have each separately. Tlie copper 
thrown down upon plaster is quite as perfect as the plaster cast. 
Melted stearine candles will also answer for making moulds. 

(217.) Having determined upon the process to be adopted, 
the operator has nest to decide of what metal he will make 
his duplicate ; For a gold medal, a gold or silver surface wiU 
answer to receive the metal precipitated from its nitro-muriatic 
solution. Where the first of these metals is employed, we 
should use as strong a solution as possible ; and the coin to 
be copied is to be connected with the zinc-end of a series of 
from four to twelve batteries. A very fine platinum wire, 
immersed in the solution to a trifling depth, is to be connected 
to the platinized silver of the battery, when the deposit will 
take place. For a mould of either a coin or medal in silver. 
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the solution should at first be very weak ; bnt as soon as a 
moderate surface is obtained, the stren^h of the solution 
should be materially increased. A very useful mode of the 
application of gold, would be, first to throw down only a 
moderately thick layer, and then to fill up the deficiency by 
throwing down copper upon it. This, to the false coiner, 
might form a valuable piece of information, but is here men- 
tioned to put people on their guard, 

(218.) Medals, made entirely of silver, are apt to be brittle, 
but by coating the back with copper, we have all the advan- 
tage of a silver surface, combined at the same time with 
strength and cheapness. 

The solution of the sulphate, nitrate, or acetate, may be 
employed. A silver wire must be connected to the silver of 
a single battery, and the object to be copied must be joined by 
a fine platinum wire with the zinc of the battery. The larger 
the medal is to be copied, the more readily will the deposit 
take place, because a larger negative metal will be exposed to 
the fiuid. A saturated solution of the sulphate may be em- 
ployed, but with the nitrate, a solution containing about twenty 
grains of the salt to the ounce of water, will be found sufHcient, 
although it maybe of any strength whatever, by regulating the 
quantity of electricity according to the laws. Farther details, 
relating to the modus operandi, have been sufficiently entered 
into, when speaking of the salts of silver. (172.) This process ig 
not applicable to any but a gold or silver surface, for the re- 
duction cannot be well effected on non-conducting substances. 

(219.) Medals may be made of platinum or palladium 
entirely, as in the cases just mentioned, or a duplicate cast of 
the medals may have an exterior of either of these metals, 
whilst the interior may consist of copper. The mould for 
these metals may consist of either gold, platinum, palladium, 
or silver. The solutions may be of any strength, although the 
operator wdl find the strongest the best adapted. 8ec the 
general remarks on platinum, palladium, Urn. (IGD — 171.) 



rr 



BATTEBT PROCESS. 105 

(220.) Copper is the metal of most importance to numia- 
matists, for that will answer both for metallic and non-metallic 
surfaces. The salt which may be used for ordinary purposes, 
is the sulphate, and when used for this purpose, the solution 
may be more concentrated than when the reduced metal is 
required for the electrotype, A saturated solution of sulphate 
of copper, mixed with one-third of its measure of dilute 
sulphuric acid will answer admirably for general purposes, 

(221.) In making medals, we must be cautious that no 
bubbles of air adhere to the mould, or be carried down into 
the solution when the mould is immersed. This is very apt 
to occur when the mould is very deep, as sometimes a layer of 
air bubbles may be observed adhering in the hair, the beard, 
or even at the top of the nose; a circumstance which would 
not a little impair tbe features of the copy. To prevent any 
occurrence of this nature, the medal should he inspected after 
it has been in the solution a short time, and any bubble 
dispersed. If this be not attended to, the bubbles would 
become quite encased with copper, aud a little hole left, 

(222.) The battery process is without doubt the best for 
making medals, but the form of the precipitating trough must 
vary, according to tbe size and form of the medals to be made. 
For very large medals, say six inches in diameter, a common 
earthenware basin is the best. The medal is to be connected 
with a wire, and placed flat at the bottom of the vessel, and this 
wire is to be connected with the zinc of the battery. A piece 
of copper is now to be procured, which must he somewhat 
larger than the medal above which it is to be placed in the 
basin. Tlie peculiar form of the basin will of course prevent 
the copper from descending upon the medal, a result which is 
carefully to be avoided. This copjjer is to be connected with 
the silver of the battery. The solution is then to be poured 
into the basin, when action will immediately commence; the 
copper will be reduced upon the mould from the solution, and 
co])per will be dissolved from the positive pole, to keep up the 
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saturation of the fluid. It is always necessary to employ a 
battery aufficiently large; two or three times the surface of 
negative metal is most favourable for precipitation, though by 
following the jirinciples already given, any sized battery may 
be employed. For small medals I greatly prefer the battery 
process. In this case the vertical precipitating trough may be 
used. (fig. 6.) A piece of copper, connected with the silver of the 
battery, is placed on one side, and on the other, as many 
medals may be placed as can be arranged opposite to the 
copper; and these are all to be connected with the zine of the 
battery. The advantage of this mode of proceeding over all 
others, is the facility given to the o]>erator, either to remove or 
add one or more medals, without any injury to the others; and 
eight, ten, twelve, or even many more, may be made at once. 

(223.) Although the battery process is generally to be 
preferred, yet it does not follow that it is the only mode 
capable of being adopted. The single cell apparatus is also 
adapted to medals, (fig. 1.) (fig. 2.) Either of the forms of 
apparatus which have been here described may be used, and 
the only general rule to be adopted is, to take care that the 
sulphate of copper be concentrated, the zinc sufficiently large, 
and the distance of the zinc from the mould not too great. 
A little acid added to the sulphate of copper, will generally 
improve the quality of the reduced metal. (107 — 113.) 

(224.) By any of these processes we can obtain a perfect 
cast from our mould; yet if the device on the mould be very 
deep, the deposit will not always take place favourably on the 
deepest parts. In these cases, when the medal is nearly 
completed, we may remove it from the solution, vripe it dry, 
and coat the parts most thickly covered with any non- 
conducting substance. The medal is then again to be placed 
in the solution, when the deficiencies will be soon filled up. 

Great thickness of copper is not required for medals; for if 
it be as thick as a wafer, and of good quality, it will amply 
sufince. For most purposes it is of no advantage to hare it 
thicker, and when we are desirous of strengthening the deposit. 
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le back may be coated with sealing wax. All these detai 
iu8t be regulated by the fancy of the operator, but I tbinK 
lat the deposit obtained in twenty-four hours is amply suf- 



(226.) The last operation is the removal of the cast from 

the mould, which is attended with no great difficulty. We 

must be careful to remove any copper which embraces the 

-mould at the edges, and then, by pulling the one from the 

■Dther with moderate force, a separation will be effected. 

Vhen the duplicate has taken place upon tlie original medal 

jelf, the adhesion will be very slight, if the precautions are 

rteken which I have before detailed. Casts made from most 

non-conducting substances come off sometimes so readily that 

the mould is not the least injured. The adhesion indeed is 

greater when leaden moulds are used, yet, with care, the 

duplicate may be removed without much detriment to the 

mould, although it is always more or less impaired. In 

every case some judgment is required to regulate the direction 

in which we make the pulling force, according to the manner 

in which the prominent facts are arranged ; for generally there 

is one way where the cast can be removed more easily than „ 

my other. To copper, &c., there need be no adhesion, (125. )« 

(226.) The importance of electro -metal lui^ for the manadi 

facture of medals, to many is perhaps by no means evident;' 

but when they are informed of the difficulty of striking off 

large medals, it will be immediately apparent. Mr. Haggard 

has in his possession a very fine medal of Boolton, about 

four inches in diameter, and he assured me that no loss than 

three hundred blows were required to insure a perfect 

mpression. Here the value of electro-metallurgy is pre^ 

oinently apparent; for by the galvanic process, no i 

lifiiculty would attend the manufacture of this medal, thaw 

lat of the most simple. 

(227.) Again, there aTe many persona distinguished for 
their learning, their abilities, their public station, or what ii 
above all, their private virtues, a medallion of whom would 1: 
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greatly esteemed by their friends. Now the espensc of 
engraving a steel die is such that it precludes the idea alto- 
gether; but as sofl substances can be copied by the galvanic 
process, the expense of obtaining a medallion in wax, when 
divided among thirty or forty persons, would surely not be a 
material object, and they would he thus enabled to possess a 
likeness of the person so much endeared to them. What a 
contrast would there be between the distribution of the 
portrait of a deceased and esteemed friend, aud the unmeaning 
custom of giving a black and gold ring, simply bearing an 
inscription. How much better would the remembrance be 
perpetuated! for the ring is valued more frequently for its 
size and intrinsic worth, than for the remembrance it is 
intended to convey; and after having been worn for a year, 
is too frequently cast, without remorse, into the melting pot. 
A copper medal on the contrary, no matter Iiow beautiful its 
execution, would intrinsically be worth only a few pence, and 
frequently would be far more prized and taken care of by the 



(228.) It is a great desideratum to be enabled to take a 
perfect coin or medal by the electrotype, that is, one having 
both obverse and reverse; as yet this has not been obtained, 
and from my experiments, it appears to me to be very difficult. 
Tlie manner in which I have attempted to attain this object, 
has been, to procure casts of both sides of a medal, and to 
place these in contact at the part of the plaster external to the 
impression, in such a manner that a distance intervened equal 
to the width of the coin ; the inner surface of the plaster casts 
was then blackleaded, and connected with the zinc of the 
battery, whilst the piece of copper to be dissolved was placed 
above a little hole left in the rim of the plaster mould. In 
tliis position tlie casta were connected with the silver of the 
battery; but the process, with me, did not succeed. I conceive 
however, that it is possible by this method, to make a thick 
medal, with both obverse and reverse. 
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CHAPTER II. 

ON COPYING SEALS, PLASTER CASTS. &c. 

Taloe of * aesl, 230. Pro*ew for copying a seal, 230, Copper moulda rrom 
plaster inLiialIions,a31. Quality of the reduced copper, 233. 

(229.) In former times, when the art of writing was ao 
extremely rare accomplishment, a sea} was an instrument of 
great importance: it fulfilled the same purpose, at the end 
of a conveyance or deed, that is now accomplished by the 
written names of the parties ; which even now, in reference to 
the ancient custom, are termed signatures. No business was 
performed without the seal, no corporation existed without 
this appendage. The extraordinary seal of Southwell, which 
required three separate dies to form one impression, is a good 
instance of the important functions of the seal; for the three 
parts being in the respective hands of three trustees, it required 
the concurrence of all, before a perfect impression could he 
made; and consequently, before any land or other property 
under the trust could be disposed of. Now the value of the 
seal is nearly lost, and in the great establishment where I 
reside, thousands of pounds hourly change hands without any 
Buch ceremony; a faint representation only of the seal being 
made by a black wafer, a bare relic of former customs. 

(230.) Now that seals are nearly valueless, there can be no 
harm in describing the process of copying them. This is very 
eimple; we fii'st give them the thinnest film of black lead, 
with a hard brush. If necessary, this may be aided by cau- 
tiously applying tlie most minute drop of spirits of wine, 
but it should be avoided if possible; for the wax being soluble 
in alcohol, the seal is liable to more or less injury, A fine 
metallic wire is now to be heated over a candle, and the hot 
end placed in contact with the rim of the seal, so that it may 
bdhere. Care must be taken to apply a little plumbago round 
the point of insertion, so that it may be continuous with the 
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wire. Jt is then ready to be placed in the solutton. This 
pai't of the operation is sintilar in all respects to that required 
for the moulds of coins. ('220, 221, 222.) (fig. 6) 

The largest seal, as the great seal of England, or the large 
seals of the bishops, may in this way, with ease, be copied ; 
and the smallest are attended with no more difficulty. The 
operator must remember, that although he is at perfect 
liberty to copy the Chancellor's seal of the last reign, yet he 
would be liable to the utmost penalty of the law, if he were 
to carry on his scientific proceedings upon the great seal of 
Her present Majesty. A letter received in the morning may 
he answered the next day, or even the same night, by a letter 
sealed with an electrotype impression of your friend's seal. 
If a relievo be required from a sealing wax relievo, it may be 
obtained by a double electrotype operation, or by first making 
a plaster intaglio, and proceeding with that as for plaster 
generally. 

(231.) Copper casts may be obtained of the utmost per- 
fection, from plaster medallions. If we desire to take a 
copper mould or intaglio from a plaster relievo, we simply 
prepare the plaster by tallow, was, or any other similar 
substance. We then carefiilly apply the black lead, and twist 
round the rim fine wire to connect it with the battery, after 
which it is ready to be placed in the solution. The copper copy 
is by these means as perfect as the plaster. Wlien a relievo of 
a plaster medallion is desired, we may either electrotype the 
copper mould, obtained as before, or we may make a mould of 
white wax, having first filled the plaster with water. The wax 
mould is to be blackleaded, and must have a wire attached to 
it, before it is put into the solution. The compound of bees 
wax and rosin may be used for the same purposes, its applica- 
tion being similar to white wax. The copper medal produced 
by any of these means is quite perfect, and the process is an 
excellent one; for it is neither attended with difficulty, nor 
does it require much labour, and is performed without the 
slightest detriment to the original piaster medallion. The 



HARD COPPER MEDALS. ' 111 

whole difficulty attending the multiplication of works in plaster, 
is not the manufacture of the copper duplicate, but the trouble 
of obtaining the plaster itself perfect. It is singular, that e very- 
artist who uses this substance, considers that he is possessed 
of some secret; but in reality, the working in plaster is an art 
acquired by practice, and requires judgment in different cases; 
but not a science dependent upon certain laws. 

From a plaster cast we can obtain a stereotype mould, 
and from this a medallion in copper ; but few now would be 
inclined to follow this method, when the others are so well 
adapted. The apparatus and modus operandi is similar, in all 
respects, to that employed for the multiplication of coins and 
medals. (220—222.) (fig. 3.) (fig. 5.) (fig. 6.) 

(232.) The reduced copper for the foregoing objects can be 
made of any texture that may suit it best. It may be either 
produced of the greatest flexibility, or of the most extreme 
hardness, by following the laws which we have laid down. A 
very hard medal, cameo, or seal, is best obtained by using a 
very strong solution, a very large single battery, and a very 
large positive copper pole. It might be very useful for 
Bates' Anaglyptograph, an ingenious instrument, by which a 
correct engraving of any raised object can be executed. A 
point is passed over the medal, at an angle of 45°, this com- 
municating a motion to another diamond point. As the point 
passing over the medal is raised or depressed, the diamond 
point takes a corresponding curve, so that the lines ruled on 
the plate form certain curves, the effect of which is to give a 
correct drawing of the medal. "When a thin layer of black 
lead is used, the deposited copper will not, in the slightest 
degree, be discoloured by it, although it will always be taken 
into it, leaving none on the prepared plaster. If a very thick 
layer of black lead is employed, the copper will be discoloured. 
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CHAPTER III. 
ON THE MULTIPLICATION OF BRASSES. 

Process for obtolnini^ Duplicate Braasoi, 233. 

(233.) There is scarcely a church in the country which lias 
not some curious old mouument, where characteristic like- 
nesses of a whole family are engrared on a brass plate. To 
the Town Council of Yarmouth these relics were of so little 
interest, that they condemned the whole collection from one 
church to be applied to the manufacture of standard weights 
for the use of the town. By antiquaries however, these monu- 
ments are highly prized, and many would be delighted to possess 
a fac-simile of many of these objects. Tliis may be accom- 
plished by comparatively simple means. It is only necessary 
to take a cast of the brass in plaster of pans, having previously 
oiled the brass ; the plaster is to be well dried, and then soaked 
in tallow. A wire must now be passed round it, and black lead 
is to be applied with a soft brush, when it is ready to be con- 
nected with the battery (fig. 3.) Only moderately sized brasses 
can be copied in this manner, for some are so large, as tliai of 
the Archbishop of York in Chigwetl church, in Essex, that they 
would require such a large vessel to contain it, as virtually to 
render the manufacture of a duplicate almost impossible. 

The battery process is best suited for those purposes, A 
large piece of refuse copper must be employed for the positive 
pole, and it should be placed as near the plaster as possible. 
As a large surface of plaster is generally required to be copied, 
a large battery will be required, or otherwise the strength of 
the metallic solution must be regulated to the power, and 
rendered much more dilute and acid. 
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CHAPTER IV. 

ON MAKING DIES FROM EMBOSSED SURFACES. 

On metallic reverses from raised surfaces by galvanic agency, 234. Peculiarities 

of dies made from paper, 236. 

(234.) All eiubossed surfaces may be copied with facility, 
whether they consist of paper or any other substance. They 
must be first rendered non-absorbent by oil, varnish or wax, 
according to the thickness of the texture ; linseed oil perhaps 
is to be preferred for paper. It must be allowed to dry before 
the black lead is applied to make it ready for the solution. 

(235.) Dies made from paper generally exhibit a slightly 
dented appearance in the smooth parts, from the little pro- 
jecting points of the paper having been copied. This, I am 
informed, disappears after many impressions have been 
printed. Doubtless the attention of the commissioners of 
stamps and taxes has been drawn to the fact, that the stamps 
can with great ease be copied by the electro-metallurgist, but 
it must remain with them to consider whether any attention 
to the subject is requisite. 



CHAPTER V. 

' ON THE MANUFACTURE OF MOULDS FROM FRUITS, 

VEGETABLES, &c. 

On making moulds from vegetable substances, 236. Chantrey's method, 237. 

(236.) In a former book, means were adverted to for coating 
various kinds of fruit, vegetables, and leaves, with metallic 
copper, having first blackleaded them. (207.) By simply carry- 
ing on the process, until a thick deposit be obtained, instead 

I 
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of merely coaling the object, amouldwill be obtained for any 
purpose required. A cast thus taken of a leaf, for instance, 
that of a Morel cherry, baffles all description. The copy 
ia absolutely perfect; every fibre and nervure, in fact the 
mrautest part is cast in copper with the utmost fidelity ; and 
in the same way the surface of fruit may be correctly copied, 
so that every excrescence or de[»-es^on, however minute, will 
be as apj«rent as in the original. 

(237.) Chantrey has a very ingenioua, though a troablesome 
and complicated method, of obtaining a cast of leaves or 
sprigs of trees ; he takes the finest river sift, ground up, and 
encloses the leaves and sprigs in it ; the whole is then dried 
and thoroughly baked, by which process the wood is carbo- 
nized, when a strong blast of air ia sent through the apertures, 
which removes the carbon, and leaves a cast of the object, 
and that serves as a mould, into which he pours hia melted 
copper. The same end might be attained far more readily 
by the galvanic current. 

Every vegetable and animal substance whatever, which will 
remain undecomposed in the solution of copper for a few 
hours, can have a metallic mould made from it. For all these 
cases, the battery apparatus, sinular to that used Cor medals, 
is the best. (fig. 3.) 



CHAPTER VI. 

ON THE APPLICATION OF ELECTRO- METALLURGY TO 
SCULPTURE AND OTHER PURPOSES. 

The mode the eculptor adopta to obtain a metallic cost, 238. On mBkin^ a 
iDGtalllc cast by electra-metaliurgy, 239. Tlic texture of the copper, 840. 
General rdoarks, 341. On the nppticatlon of eleotro-nxetallnrgy tor gold- 
imitht, 342. For Burgeons, &c., 243. 

(238.) Unfortunately the British public have nearly ceased 
to patronise British sculpture, otherwise electro-metallurgy 
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would be a valuable assistant to tliat art. The sculptor first 
tnakea his model in clay, from wliioh be takes a cast in plaster, 
and this again serves as a mould, into which he pours his 
fused metal. This latter proceeding is attended with much 
trouble, and not unfrequently with great danger, from a risk 
of esplosion. The metallic cast when made, is by no means 
perfect, as it requires much labour to finish it. 

The electro-metallurgist could obtain a far more perfect 
cast at once, by simply preparing his plaster, blackleading it, 
and placing it in the solution of sulphate of copper. A wire 
in contact with the black lead must communicate with the 
zinc of the battery, whilst the sheet of copper to be dissolved 
should communicate witli the silver. 

(239.) For very large designs, an inconveniently large ves- 
sel would be required ; to obviate thb difficulty, the mould, 
provided it be hollow, might have the separate pieces of which 
it is made, so joined together by wax or grease, that itself 
should form the vessel to contain the liquid. Very large 
batteries ought to be employed by the sculptor, and rather a 
dilute solution; because in all probability the size of the 
battery will not be proportionate to the immense sur&ce 
exposed in even a moderately sized design. The piece of 
copper, forming the positive plate, should be as large, and as 
close to the plaster mould as it can be placed, in order that 
as little impediment as possible may be afforded to the passage 
of the current, 

(240.) The copper may be of any thickness; and it^ strength 
and thickness may be regulated as required in difl'erent parts, 
by increasing or diminishing tlie distance between the [ilaster 
and the positive plate of copper. The relative cost of this 
method of making a bronze figure, over the plan now in use, 
is perhaps difficult to estimate accurately. By the old plan 
a bronze figure costs the value of the copper, and the coals 
required for its fusion, besides the labour requisite to render 
tlie metal cast perfect afterwards. By the galvanic method' 
itwoaW cost the value of the copper, + the value of an equal 

1 2 
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weight of amalgamated zinc, + thecost of the labour required 
to work the batteriea — the value of the sulphate of z'mc 
formed. From the above statemeats, a rough idea only can 
be formed of the relative costs of these two methods in prac- 
tice, and it can only be determined with certainty by very 
large operations. 

(241.) Before brining thia book to a conclusion, I may 
mention that the application of electro-metallurgy, or the 
art of working in metals by the galvanic fluid, is not confined 
to the foregoing subjects ; for every kind of object, which can 
poesibly be made in copper by any other metliod, can also be 
made by electricity. With regard to the use of other metals 
for the like purpose, they can in some instances be employed ; 
but still, the application of the galvanic fluid to the working 
of these must be limited, because the intrinsic value of many 
IB 80 great, as to preclude their general use; whilst the value 
of others is bo trifling, as to render their application of little 
value. 

(242.) To workers of gold electro-metallurgy promises to 
be of great value, for after once having procured a mould, he 
can obtain the most elaborate devices ; but still, in buying 
manufactured articles of gold, the intrinsic value of this metal 
is so great, that the workmanship forms frequently hut a small 
part, or otherwise electro-metallurgy would be of the utmost 
importance to the goldsmith. 

The dentist requires for artificial teeth an exact cast of the 
mouth, in gold, platinum, or palladium. Now the cost of the 
manufacture of this is so expensive, that many are prevented 
from availing themselves of these valuable appendages. It 
is absolutely necessaiy that the gold should fit very accurately, 
or else the possessor is not able to use them. Electro-metal- 
lurgy might be brought to aid the mecliaiiic in this matter, 
but the operator must recollect that notwithstanding the 
scientific principles detailed in this work, considerable skill 
in the manipulation is required. 

(243.) Even to the surgeon, electro-metallurgy ajipears 
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likely in many cases to be very valuable; for when he is 
desirous of exerting constant pressure on any part, or of con- 
fining any part in a particular position, he can make a copper 
instrument exactly to suit any individual case which may 
occur, by first taking a cast in plaster of pans, or which will 
be more simple, by a piece of gummed sheeting. 

To the geologist, electro-metallurgy is not without its 
interest, for independently of the rationale which it affords of 
the veins of metals embosomed in the earth, it gives the 
means of obtaining in copper, casts of any fossil which will 
remain unacted upon in the metallic solution. If the solution 
is acid, of course it will be unsuitable for any strata containing 
carbonate of lime; but then, by first taking an impression in 
plaster, a metallic reverse can be taken f5rom it, which will be 
a perfect fac-simile in metal of the original. These metallic 
casts are preferable to any other kind of duplicate, because 
they occupy less bulk, are lighter, more indestructible, and less 
fragile than any other material. 




The mode of printing books, 24*. Oa etereotyidng, 345. On electrotjplng 
ibe type, 248. 

(244.) The ordinary type, such as this work is printed 
with, haa eaeh letter separately cast of a particular alloy ; 
and these letters when combined together form words; again, 
a number of the words form a paragraph — a series of para- 
graphs a chapter, — a number of chapters a book — and lastly, 
several books form this volume. Moat works are printed in 
parts ; thus whilst I am writing this chapter, the second book is 
completely printed, and the ty|>es distributed; whilst the proof 
of the third is lying on my desk to receive such alterations as 
may occur to me. Now the electrotype would be of no value 
to the printer in this case, for the same type which is used for 
the first part of this work, will be again used for the last, and 
even after the whole is printed, will be very little impaired. 

(245.) With books which have a very large circulation, as 
the Bible or Prayer-book, and where no changes are required 
in the matter for a series of years, it is usual, after the work 
is completely set up in the type, to take a stereotype copy of 
it. A plaster mould of the type is first obtained, which is 
thoroughly baked in an oven, and from it a metallic cast in 
stereotype metal is made, which is an exact copy of the ori- 
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ginal. The duplicate tlius obtained, has advantages over tlie 
type; for every stereotype page in in one piece, whilst the type 
is made up of as many different pieces as there are letters. 
This can he done ao cheaply, that the electrotype can never 
compete with the stereotype. 

(246.) To procure an electrotype copy from a page of type, 
we have to take an intaglio impression from the type, either 
directly in copper, or we may make it with plaster, and after- 
wards render it non-absorbent, or we may take it in white 
wax : the intaglio impression may be blackleaded and placed 
in the solution, to receive the deposit of copper. This process 
is only likely to be useful for Bibles, and probably it might 
be found to wear longer than the usual stereotype metal, but 
at present we have no experience on that matter. 



CHAPTER IL 

ON THE MULTIPLICATION OF PLAIN COPPER PLATES. 

The preparation cif plain copper plates, 347. Tbe elraitrotypG platce, 24S. Pro- 
cess for tbcir daDufoctiiPt, 840. Maolpnlatlon of the battery, 350. Freoipt- 
tatiug trongii, 9S1. Temperature, 3S3. Positive pole, SS3. RegnlatloDofthc 
texture at the copper, S54. BIngle cell apparatus, 2&6. Time required for the 
process, 360, Removal of the plate, 257. Mode of preparing the plate for en- 
^Bvers, SaS. Economy in tUe manufactory, 399. Expense of the plat«, 200. 

<247.) The application of the electrotype to the various 
departments of engraving, is of the greatest import^mce, and 
the new field open in this branch alone, is very extensive. 
Engravings generally are made u^ion copper plates, which 
have undergone a tedious preparation. The copper, which is 
to be employed for this purpose, shoidd be as pure as possible ; 
it has first to be rolled to a certain thickness, after which it 
passes into tbe hands of the copper plate maker. He care- 
iiiUy examines the plate, and picks out any little piece of 
foreign metal be may chance to perceive, and then fills up 
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the gap by dexteroasly h&mmering aromid il, so that 
(iraws Uie neighboaring copper over the hollow. The 
18 iheu well h&mmered, and receives a rough polish by char- 
coal. The price of a plate so manufactored, b worth from 
two ghiUings and sixpence to three shlUiBge and sixpence per 
poand. 

(248.) This cop]>er plate is by no means pure, as it gene- 
rally contains tin, and other metaU which render the engrav- 
ing sometimes ditficnlt, and the etching very uncertain. To 
obviate these faults we make an electrotype plate on one of 
the prepared copper plates, and as the metal of this is ahso* 
lately pure, it b found to be far better adapted for the pun-' 
poses of the engraver. Tlus duplicate plate posseaaee tba* 
same surface as the original, and may therefore be at once 
used : but it is found Irettcr to hammer the duplicate, and 
prepare it with charcoal, as that greatly improves it, by 
making it more elastic ; and it is the opinion of one of the | 
first plate makers In this city, that the hammered plate wilt i 
—work as well as steel. 

^WOae of these electrotype plates was hammered and pre- 

Hpred as plates ordinarily are for engraving, when Mr. 

T'almer had various gpecimcns of art executed upon it. First, 

the })late maker's opinion was taken of it, and he decided that 

it was vastly superior to the conmion copper ; here we may 

lark, that many irersons have doubted whether the electro- 

e copfier would bear hammering ; now this is the strongest 

f possible, for the whole of this plate was thus prepared, 

B plate was then sent to a letter writer, to receive a speci- 

I of this species of engraving, as well as to have his 

a of it; he stated, that the quality of the copper was 

I, that much leas labour was required for the ])rocess which 

I to undergo. It was then sent to an etcher, and he 

greatly superior to ordinary copper plates ; for the 

id bit with the utmost uniformity on account of tho 

F the coppor. A specimen of machine ruling, rose- 

aitil mcdul ruling executed by Bates's patent 
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anaglyptograpli was then executed, and the opinion of all the 
artists concerned in the work was tlie Bame ; for the supe- 
riority of using pure copper, over the ordinary copper which 
is usually contaminated with other metals and charcoal, was 
apparent to all. 

(249.) The exact process hy which these electrotype plates 
may be prepared, is very simple. The plain plate on which 
the deposit is to take place, is to have a flat band soldered on 
its back, in order that efficient connection may be made with 
the zinc of the battery. Now the heat necessary to effect 
this, drives off the air which infllms the metal, so that if it 
were placed at once in the solution of sulphate of copper, the 
two plates would stand a very fair chance of adhering to each 
other. To prevent this serious evil, the plate which has been 
soldered, ought to he placed in a cold place for twenty-four or 
more hours, which will enable it to regain a second time its 
film of air. Those who are not skilful in soldering metals, 
may simply place a wire or piece of metal in contact with the 
back of the plate, as that connection will be amply sufficient. 
Every part of the plate which is not intended to receive the 
deposit, must be covered with tallow, wax, or any other non- 
conducting substance. 

(250.) Having thus prepared the plate, a platinized silver 
battery, which exposes about twice the surface of negative 
metal, is to be charged with dilute sulphuric acid, consisting 
of about one pint of strong sulphuric acid in two gallons of 
water. By using the acid thus dilute, the risk of much local 
action is materially lessened, and for the same reason the acid 
should never be poured into the battery till it is quite cold. 
The best form of battery for these purposes is fig. 3 A. The 
silver has a binding screw soldered to it, and a piece of wood 
is fixed on its upper, part. The zine is placed on each aide of 
the silver, and consists simply of two strips which have no 
solder attached to them, but are connected to each other, and 
to a binding screw hy a large screw, which embraces at once 
the two zincs, aud intervening piece of wood fastened on to 
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tlie silver. Thb very ingenious arrangement appears to have 
been devised by the instrument maker, from a necessity which 
llie manufacturer experienced of repeatedly adding a new 
zinc as soon as the former was dissolved. 

(251.) The precipitating trough may be either the horizontal 
or vertical. The vertical ti-ough is an oblong wooden vessel 
cemented in tin; interior ; on one side the plate to be mul- 
tiplied is placed, on the otiier a piece of copper to be dis- 
solved, (fig. 3 b.) The horizontal trough is a shallow, square 
vessel, on the bottom of which the plate to be copied ia placed, 
and half an inch above it,thecopperto be dissolved, (fig. 4 b.) 
It is necessary to place the negative plate underneath, or else 
the uniform strength of the solution would not be preserved, 
but a mass of crystals would be deposited at the bottom of the 
vessel. The first apparatus is best adapted for a slow preci- 
pitation, but the last for a rapid deposition of the metal. 

Which ever process be employed, the trough must be filled 
with a solution of sulphate of copper of a strength suitable 
to the power of the battery. If one battery be used, it should 
consist of a saturated solution of sidphate of copper, diluted 
with rather more than one third of dilute sulphuric acid. A 
solution of nitrate of copper may be employed of about one 
pound to the pint and a half, which will allow the deposit 
to take place more quickly. Nearly a saturated solution of 
sulphate or nitrate of copper may be used, if a series of four 
or five batteries be employed, or the solution be kept at a 
high temperature. It is advisable to place the plate in a, 
neutral solution at first, and afterwards, when it is slightly 
covered, into the acidulated solution, in order that the film of 
air may not be removed. 

(252.) Where practicable, the solution should always be 
kept at a boiling temperature ; as by that means the deposit 
will take place far more rapidly, and the copper will be more 
elastic. The reader must not confound the property of elasti- 
city with flexibility, although this is an error very commonly 
made. Plexibility is the property which bodies possess, of 
being easily bent; elasticity is the power which lx>dies have. 
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of returning to their former sliape after they have been bent, 
The flexibility of any metal is a property very readily obtained 
by the laws pointed out; elasticity, on the other hand, is a 
property more difficult for the electro-metallurgist to obtain 
than any other. 

(253.) Having filled the trough with the liquid, we take a 
piece of copper the same size as the plate, and connect it by a 
wire to the silver of the battery. We have now the battery 
charged, the precipitating trough filled with its solution, and 
the piece of copper to be dissolved placed in the precipitating 
trough, and connected with the silver. Having proceeded thus 
far, the wire, soldered on to the copper plate on which the new 
deposit 13 to take place, must be connected with the zinc of 
the battery, and the operator must be particularly careful that 
dropping the copper plate into the precipitating trough is the 
last operation for completing the galvanic circuit, as immedi- 
ately a precipitate of pure copper commences. This does not 
adhere to the copper plate, because it is not in contact with it, 
for a thin layer of atmospheric air is interposed between the 
two. (fig. 3.) (fig. 4.) 

(254.) Having put the apparatus in action, the operator 
must regulate the quantity of electricity passing, by approxi- 
mating or increasing the distance between the two poles in the 
precipitating trough, according as be may require differences 
of texture in his copper; for the reduced metal may be 
obtained as soft as lead, harder than steel, or of any in- 
termediate quality ; the copper should neither be too crys- 
talline nor too flexible, but should be of a texture intemie- 
diate between both extremes, and the laws regulating these 
have been quite sufflcieally dwelt upon. The apparatus wiJf 
require no material alteration for two or three days, and then 
the acid in the battery should he changed, and tiie zincs, if 
necessary, renewed. The piece of cojiper forming the positive 
pole should always be examined, and removed if necessary. 
A plate should not be allowed to remain inactive in a neutral 
eolutioQ for any considerable time whilst it is being made, &b 
in that case the reduced copper is apt to be ui layers. 
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I (255.) The single cell apparatus is not at all well adapte 
I Sar making copper plates, because it is impossible 
gulate, with accuracy, the quantity of electricity to the strengi 
of the solution. In fact, all the largest and most perfect 
plates hitherto made, have been produced by the battery 
apparatus. 

(256.) The time necessary for the complete formation of 
a plate, varies according to the thickness of the copper re- 
quired, the ease with which the solution suffers decomposition, 
the power of the battery, and the distance between the plates 
in the decomposition cell, or precipitating trough. The shortest 
time in which it could possibly be made, is from twenty-four 
to thirty-sis hours, but with a single cell and dilute acid, it 
ordinarily takes a week, or even more; the texture of the 
copper however, in both cases may be made similar. The only 
limit which is afforded to the rapidity of the process, is the 
I icupreous salt. As the nitrate is the most soluble salt of copper, 
we never can obtain a plate more rapidly than the strength of 
L Its solutiun will allow. 

I (267.) Having made the plate, we have now to take it off; 
I and for this purpose, any copper embracing the edge of the 
original plate is to be removed; after which, the operator 
without any difficulty may separate the plates, for provided be 
has followed exactly the directions wliich I have before given 
for insuring a film of air on tlie plate, there will not be 
the slightest adhesion. 

(258.) A plain copper plate is thus made, which can be used 
I at once by the engraver, or it may be hammered and rubbed 
I with charcoal, as copi^er plates ordinarily are. Duplicate 
L co])per plates have been made from another similar plate, but 
K we can obtain a copper plate from smooth substances, which are 
p not capable of being acted upon by the fluid ; thus, smooth 
white wax, sealing wax, or smooth plaster of parls, will receive 
the deposit after they have been black leaded. 

(259.) The manufacturer who makes electrotype plates in 
_ an extensive way, must endeavour to lessen the expense of tiM 
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rocess by every possible means. In the first place, he must 
scollect tliat the mercury used for the amalgamation of the 
nine is not at all acted upon, but that when all the zinc is dis- 
solved, it remains upon the fine particles of foreign metals 
pWhich the zinc contained. He should carefully preserve this 
i, as well as all the fragments which have been left. The 
Bniercury may in great part be separated from this, by enclosing 
'he maBS in wash-leather and squeezing it. The rest may 
1 he obtained by distilling the residue. Theoretically, the 
Koperator ought to obtain again as much mercury as he origi- 
VHally employed ; but practically, he will always suffer a certain 



The sulphate of zinc left in the battery, after it has been 
F .exhausted, is absolutely pure ; and therefore the solution may 
Kbe evaporated, and the crystals of the sulphate of zinc obtained; 
|pr the metal may be converted into a carbonate, for which 
(here is great demand in the arts. The deposited copper in 
ite same manner is also pure, and therefore all the clippings 
fhould be preserved for the purpose of alloying gold, as it is 
aiecessary to have a perfectly pure metal for that purpose. 

Those who manufacture a great number of plates, and to 

n-hom time is not an object in their proceedings, can adopt a 

leculiar form of battery. The battery should be very large, 

should be connected, not to one precipitating trough 

P&lone, but to a series arranged exactly as a compound battery; 

bus, if twenty troughs were arranged and connected with the 

lattery, tliey would obtain twenty pounds of copper for one 

tound of zinc dissolved. The solution of sulphate of copper 

I each cell should be rather more dilute, and be much 

more acid, tlian when a single trough is employed, and the 

wsitive copper plate and negative plate of each cell, should 

> of the same size. The large battery, in this case, is not 

nittended with more expense than a small one; for to do 

my given amount of work, as much zinc would be dis- 

^Ived in a battery made of a silver thimble, as in one 

ffixposing a surfiice of negative metal, etjual to the surface of 
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the whole of Earopel The rationale of this apparent ])arAdnx 
is explicable by the important law, that "in every cell the 
amount of cbomical action is the same;" one battery will 
therefore, for every pound of zinc dissolved, precipitate one 
pound of copper in each precipitating trough, and therefore 
the number of precipitating trouglis, arranged as a compound 
series, will give the number of pounds of copper thrown down, 
for each pound of zinc dissolved. 

(260.) In this great commercial city it le uselesB to men- 
tion the excellence of the process, nnless, at the same time, 
Bome idea be given of the expense attending ita adoption. 
This, with a single battery and precipitating trough, will be 
first the intrinsic value of the copper, say one shilling and two 
pence for each pound, plus an equivalent of amalgamated zinc 
one shilling, plus some zinc lost by local action, plus sulphuric 
■cid, say four pence, equal to two shillings and siapence a 
pound for the hare cost of the materials. To this, labour, 
time, house rent, and profit are to be added, which will increase, 
at present, the price to one sovereign per [jound of copper, 
though doubtless the expense will be diminished as the demand 
increases. For plain plates persons would hardly like to give 
thia price, unless an engraver were about to execute a very 
splendid subject, and then perhaps it would be fully worth hb 
while to go to the extra expense, irom the superiority of b 
material. 
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CHAPTER III. 



ON COPYING ENGRAVED COPPER PL4TES. 

BngTftved cnpper ptatps, 201. Design on the platn, 263. Various kindftl 
engraTJn^, 003. Uses of cngvarcd plates, S64. — For tljc- patteri 
calico priDtcra, 366. 
(261.) Engraved copper plates are not more difficult toci 
than plain ones. A plate possessing the most elab< 
design, the most brilliant conception, the fingst execution, 4 



HELIEVO MOULD OF ENOIIAVED PI.ATES. 127 

moat delicate workmanship, io fact every thing calculated to 
render a plate valuable, is to be copied with the same readiness, 
the same fidelity, the same ease, ae the plate without any work- 
manship at all ; because the deposit of new metal takes place 
in such a way, that an exact cast is made in both instances. 

(262.) The design of all engraved copper plates is either io 
intaglio or depressed below the surface, and the problem is to 
obtain a duplicate in a similar state. To efiect this, a reverse of 
the plate mnat first be taken in relief. This may be done io 
various ways. In the first place, a relievo may be obtained in 
copper in the same way, precisely, as a duplicate plain plate. 
(249 — 257.) This is the most perfect process, and should 
always be adapted for very delicate designs. 

An impression of a plate may be made on perfectly clean lead, 
by placing the lead on a printing press with an iron bottom, and 
then placing the engraved plate upon the top of it. The two 
are then to be run through the press, exactly in the same way 
as an ordinary print ia taken off. In this operation, if the lead 
be placed underneath, a very perfect impression may ha 
effected; but the upper plate ia sure to become bent, which is 
a disadvantage. If the copper plate is placed underneath, 
that wilt receive no injury, but the lead will be curled in a 
similar manner. Now on considering these facts it occurred 
to me, that if a third plate above the other two were employed, 
there would not be any curling, and upon the experiment 
being tried by Mr. Bawtree, my expectations were realized, for 
neither lead nor copper were curled to any amount. The 
mode by which I directed the experiment to be performed, 
was to place smooth lead at the bottom, then the copper plate 

ion this, and lastly a third metallic plate at the top, which 

jcame curled by the process. 
. perfect mould may be taken from an engraved plate in 

■bite wax, but it requires some practice to copy a large plate. 

"he white wax must be black leaded, and then placed in the 

■ Volution. Plaster of paris may also be used to take a relievo 

impression, and the stereotypers are very excellent hands at 
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using this substance; but although I have made duplicate 
copper plates from phtster, I am afraid that it wilt scarcely 
be thought sufficieutly perfect to be used for the electrotype. 
The plaster must be very carefully filled by the methods I 
have elsewhere detailed, aud after the application of the black 
lead it may be placed in the solution. 

Having by any one of these methods taken a relievo impres- 
sion, a reverse is again to be taken, in a manner similar to that 
jMinted out for copying a plain plate. The film of air, which 
substances acquire by exposure to the atmosphere, must he ob- 
tained before the object is placed in the solution. (249 — 257.) 

(263.) The back of the reduced plate will be always more or 
less rough, which is to be filed smooth before a print is taken 
from it. Sometimes, when the plate is thin, a second plate of 
tin or iron is soldered into the back; but the unequal espan- 
eion of the metak, when heated, is liable to be attended with 
inconvenience. By the use of this artificial back however, we 
can employ the crystalline copper, which is so intensely hard, 
that in all probability the plate would last much longer. 

The front of the plate is liable to exhibit over its otherwise 
polished surfece, an appearance in copper, as if the slightest 
breath, or film covered the surface. This has been termed, 
technically, the curd, and is instantly removed by the copper 
plate maker, by a few slight touches with his charcoal- To 
account for this curd will not require much thought, when we 
mention, that if the operator simply place his finger on a 
polished plate, the cupper reduced upon it would have precisely 
similar marks; and I have seen it exhibit every line of the 
finger, and even the openings of the perspiratory ducts ! ! 

(264.) Those not much acquainted with the execution of 
engravings, perhaps will be astonished at the various means 
which engravers employ to execute an engraving. They may 
be however divided generally into three heads. The first 
contains those cases where the design is made by instruments 
of various kinds, as gravers, dry jwints, &c- In the second, 
the device is obtained by acling partially on the plate, by acids 
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capable of dissolving it, or in fact by biting out the lines or 
figure of wliieh the engraving is constituted, Tlie third kind, 
where a plat« is uniformly raised up by an instrument, in such 
a way that it prints all over perfectly black, in which state it 
is ready for the engraver. By burnishing the plate all the 
asperities are rubbed off, and that portion thos treated prints 
whiter, bo that by regulating the degree of burnishing, the 
different effects of light and shade are produced, which con- 
stitute the engraving. This is called niezzotinto. It is far 
cheaper than the line engraving, and is now much in vogue. 
Each of these three classes of engraving Mr. Palmer has copied 
with the utmost fidelity, so that the ai)plieation of the electro- 
type may be said to meet every case for which it is likely to be 
required. 

(266.) Engraved plates were not employed till the fourteenth 
century, hut now their uses are manifold. To hand down to 
posterity, and to diffuse among the multitude copies of the 
choicest pictures and other works of art, is one of the most 
prominent applications. To perpetuate the resemblance, and 
to distribute the portraits of the great, the good, and the 
beloved, is another important use. With these the public are 
most acquainted, but they do not constitute a tenth part of the 
purposes for which engraved plates are required. The great 
consumption now of these plates is at the potteries, for almost 
every common dinner service, or every piece of pottery, has 
its design given by a copper plate. The device is deeply cut 
in the copper, and then it is printed on a piece of thin paper; 
but the plate is printed with a composition of arsenite of cobalt, 
instead of the ordinary ink. The paper is then pressed upon 
the plate before it is glazed, in order that the ink may adhere 
to it; after which the paper is carefully washed off. The plate 
is next glazed, and is then ready for use. 

Tlie most unmeaning devices are printed on the plates, and 
the willow and other similar patterns certainly exhibit no 
great beauty of design. Yet our common pottery ware is the 
envy of every foreign country, for no where but in Britain 
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tave they ever been able to make common earthenware with 
any degree of perfection. The electrotype promises to mate- 
rially improve the patterns of our otlierwbe unrivalled pot- 
tery, ftw the expei^e of engraving valuable plates has been 
hitherto such, that on account of the email number of copies 
they will afterwards print, their application has been ne- 
cessarily prevented. Now if a plate cost originally a thousand 
guineas, an infinite number of duplicates could be taken from 
it by the electrotype, and in this way the expense of every 
common dinner plate would be the same, whether the ordi- 
dary blue and white service were used, ot plates and dishes 
were embellished with copies of our finest works of art, the 
most exquisite scenes of nature, the most elaborate machina- 
tions of fancy, or the most intricate specimens of execution. 
Before long I trust that the siUy devices we have at present 
in use, wUl be changed for more elegant and highly finished 
drawings. 

(266.) A Becmid extensive application of copper plates, is 
to be fomid in the manufactories of the calico jwinters. They 
employ copper plates for printing their calicoes. In these 
instances, the copper plate is first engraved, aiul bent round 
BO as to form a cylindrical roller, and then the two edges are 
soldered. By contrivances the die b placed by other rollers 
into the hollow of the engraving, when the calico to be 
printed passes under the roller by the force which the roller 
itself exerts from the revolution which is imparted to it by a 
steam engine. In this way twenty or thirty yards of calico 
can be printed in a few minutes. These copper plates might 
be either multiplied before they are bent, or afterwards, 
upon the same principles that plain electrotype copper plates 
are made. There would be no great difficulty to make a 
perfect copper roller without any solder, should that be a 
desideratum to the manufacturer. 
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CHAPTER IV. 

ON THE MULTIPUCATION OF STEEL PLATES. 



Procesa fbr making s. capper plate from a iteet one, 267. Perkins's apparatus, 
368. Compaiison between tlie two processes, 2(19. 

(267.) Steel plates can only be copied in a peculiar manner. 
They must not be placed either in the sulphate, nitrate, or 
muriate of copper, as certain destruction would ensue, I have 
heard of steel plates being thus destroyed, and therefore I 
particularly dwell on the fact, to prevent its repetition. The 
crystallized acetate of copper is not decomposed by steel, 
though after the galvanic current has been passing for some 
time, free acid is left, which ia apt to attack the steel. A steel 
plate, however, undergoes no change in an alkaline ammo- 
niuret of copper, ammonio sulphate, or ammonio nitrate of 
copper. From these salts, therefore, the copper may be 
thrown down upon the steel, but I am afraid that no advan- 
tage can be taken of the fact, as the reduced copper is apt to 
scale off the plate. Under these circumstances, we must 
therefore have recourae to another method of making a relievo 
duplicate from a primary plate of steel. This may be done, 
in either lead, wax, plaster, or any other substance on which 
we can obtain a perfect cast, and from Gas a, copper plate 
can be again made in the same way. 

(268.) Before I bring to a conclusion a description of the 
method by which duplicate copper plates can be obtained 
from primary plates either of steel or copper, I think it ne- 
cessary to mention, that metallic plates may be multiplied 
not only by voltaic, but also by mechanical means. This latter 
method has been in use for some years, and was devised by 
that original mechanic, Mr. Perkins, who obtained a patent ' 
for his invention. The apparatus he employed may be de- 
scribed in a few words ; he first engraves on soft steel plates, 
and then hardens them. From the intaglio impression of 
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the device, he obtains a relievo impression on a circular roller 
of 8oft steel, by etDploying an immense pressure on the roller 
as it revolves. The circular roller which has the drawing in 
relievo is then hardened, when any given number of printing 
plates can be made from it, in a very short space of time, by 
placing a plain plate under the roller, and causing the roller 
to revolve whilst under an immense pressure. 

(269.) These duplicates by Mr. Perkins' process are never 
each perfect copies of the original, but that engravers can tell 
one from the other, on account of an apparent imperfection 
in the plate, which requires the plate to be touched up. 
It is needless to add, that this immediately destroys ab- 
solute identity. Tlie duplicate obtained by electricity is 
perfectly identical with the original plate, and no engraver 
can tell the original when both are placed before him. 
However, there is one circumstance which is very singular, 
namely, that the duplicate or second plate gives a more beau- 
tiful impression than the original. This variation does not 
arise from any difference of tint, for this depends more on 
the printer than the plate, and is technically termed the 
pull. In fact, a copper plate printer can print the same 
plate of several degrees of shade, depending upon the 
quantity of ink which he leaves in the work. The beauty 
of the duplicate over tlie original, perhaps, is to be attributed 
to the superior quality of the copper, which gives a better 
tone to the impression, for certain it is that every electrotype 
is slightly superior to the original plate. 



CHAPTER V. 

ON THE MULTIPLICATION OF WOOD-CUTS. 

Design on WDod-culs, 270. Proccs*, 271. ConcliiBion, 272. 

(270.) Civilized nations ought to regard the first applica- 
tion of wood cuts with peculiar veneration, as they seem 
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to have Boggeeted the idea of printing. At the present 
time, however, wood cuts demand especial notice, on account 
of the heauty of their execution ; for they have now heen 
brought to such perfection, that in minuteness and sharpness 
of drawing, I have seen specimens which fairly rival steel 
engravings. They do not often require to be iiultiplied, 
because it is almost impossible to wear them out; I have 
heard of 10,000, 20,000, 50,000, nay, even 100,000 impres- 
sions, having been taken from one wood block. Still, should 
we desire a duplicate of these on copper, it can be readily 
executed. Wood cuts are somewhat the reverse of copper 
plates; for in the latter, the print is obtained from the ink left in 
the hollows of the plate, but in the former the design ie the most 
elevated part, and the impression is printed from the ridges. 

(271,) An intaglio copper mould may be obtained from a 
wood cut by simply blackteading it, taking care that its back . 
and sides are iirst coated with wax or grease, to prevent the ■ 
wood absorbing any of the solution ; the remaining part of ^ 
the process is similar in all respects to that for making dupli- 
cate copper plates, and the best mode of treating wood cuts. 
The first copper reverse obtained, must again be copied, when 
a fac-simile in copper will be obtained of the device in wood. 
The trouble of preparing the first copper intaglio, may be 
avoided by taking a mould of the wood block in wax, plaster, 
ar any other suitable material, and then proceeding according m 
to the general directions for copying these substances. The! 
multiplication of wood cuts in this way, will perhaps never I 
come much into use, for a perfect stereotype copy can veiy I 
readily be obtained. ^ 

(272.) The different cases in which electi-o-metallurgy is 
serviceable for the various departments of printing have been 
now described, and it appears to me that the general name of 
electrotype ought to be restricted to these cases ; for although 
the propriety of the term when thus employed, cannot be 
^ioubted, yet an extension of its use for dissimilar purposes, ia _ 
kertainly inaccurate. The electrotype, therefore, I consider ■ 
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as one of the subordinate branches of the general science of 
electro-metallurgy ; though doubtless, as the importance of 
the art for our nianufactnres is extremely great, so ako its 
interest is increased, from its being the first department in 
which the electric fluid has ever been used extenaivelj among 
the manufactures of the country. 
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CHAPTER VI. 

ON MULTIPLICATION OF THE DAGUERREOTYPE. 
Value of the electrotype for the Daguerreotype, S73.^Proc«u for obUUniog the 
ilupliuate, 374. 
(273.) Papers and periodicals from time to time have con- 
tained accounts of the multiplication, in copper, of these 
splendid works. The success, however, which has attended 
these operations, I am afraid has not been so great as has 
been reported. From my own knowledge, I have but little 
to narrate upon the subject, and this has been confined 
to the observation of two plates multiplied in this manner. 
The image on the copper duplicate of one was moderately 
distinct, but it did not become visible till it had been 
exposed to the sun's rays. In this case, there was nothing 
left on the original plate, nor was any thing visible in 
either, till exposed to the light. On the original, however, 
the image never returned, but it was uninjured, and therefore 
it might be employed again. The second plate was a duplicate 
in copper, from a plate of Dovor Castle, executed by Dr. 
Symon, of that town, and he informed me that the image also 
did not appear for some time. His view on this plate is more 
feint than that in the first plate, which is further increased by 
the reflection of the copper being nearly the same at the places 
where the image is, as where there is no device. There is also 
the peculiar appearance on the plate, which is technically 
called the curd. Dr. Symon informs me, that the impression 
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will bear rubbing when it is apparent, but that the copper 
deposited upon a great number of plates had not the faintest 
trace of any view upon it. In one of these cases, the image 
was transferred from one plate to another, rather than multi- 
plied, because there was no increase of images, but the image 
of the silver was only removed to the reduced copper, leaving 
the original plate quite plain and polished. In the other 
original plate, however, a faint image was left. 

(274.) The process for the multiplication of the Daguerreotype 
is similar in all respects to that detailed for the multiplication of 
plain plates. Dr. Symon used the single cell apparatus, but 
I believe that the battery will be found the best adapted. The 
film of air, so often noticed, must not be forgotten for the 
Daguerreotype. 

It has been a subject of regret that I have not been able to 
experiment on this subject, but having postponed the matter 
till late in Ihe year, the feebleness of the sun precluded the 
possibility of obtaining plates 5n which to operate. It is ne- 
cessary here to call the attention of my reader, that notwith- 
standing Monsieur Daguerre was liberally rewarded for his 
invention in his own country, and th*t France proudly vaunted 
^f her liberality in giving his discovery to other nations, yet a 
patent is taken out for practising the Daguerreotype in Eng- 
land, which renders it illegal to apply it, without the especial 
license of the patentee. 




Action on tbe positivE pole, 375. Etching; by nitric aciit, 376. FftulU in the 
biting, 377. Gulvanio etching, 378. Accelemting cipcmnatances, 278. Ad- 
vaiiUgcs or galvanic etching, 380. OradBtions of tint, 361. GenerKi 
Remarke, 383. 

(275.) All our previous operations have been conducted 
at the negative pole of the battery, but at the positive pole 
certain effects take: place, which may be taken advantage of 
in the arts. Let us call to mind the fact, that silver and all 
metals with a greater affinity for oxygen, are dissolved when 
made the positive pole of a cell charged with a solution of the 
same metal. Now the relative distance which la maintained 
between the ])ositive and negative poles affects the degree of 
solution which takes place. This property may be easily 
shown by attaching a wire by one of its ends to tlie silver of 
the battery, and [ilacing the other in a solution of sulphate of 
copper, in the bottom of which a piece of copper connected 
with the zinc of the battery is immersed. After a short 
time, the wire will begin visibly to be dissolved, and the part 
nearest the negative metal will be affected. Tills wiU go on 
till the wire is dissolved, in euch a manner that the part 
nearest the negative metal will diminish to the sharpest 
point, and the different degree of action will produce a perfect 
taper. 

(276.) Although this property is of no value in its applica- 
tion, yet I have iutrodiiced it to show the ikcility with which 
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the copper in every place is dissolved exactly in proportion to 
l<tiie electricity passing, and tliis is likely to be extremely 
Kvaluable for engravers in tlieir etchings. The terra etching, 
l.-Ofl given to those engravings where the lines are not cut by 
Itany instrument, but are dissolved out by an acid. In order 
make an etching, a copper plate is first to be prepared by 
[■covering it vfith a substance which protects it from the action 
I of tlie acid in which it has to be immersed. The substance 
[rased for this purpose is composed of asphalte and wax in 
■vequal proportions, combined with a fourth part of both black 
1 .pitch and burgundy pitch. This mixture is placed in a piece 
.lof silk, and rubbed over the copper plate, which is kept at a 
1 onoderate heat, by holding it over a lamp or chafing dish, 
i operation is technically called laying a ground ; this at 
lifirst is colourless, but it is afterwards blackened by holding 
t over the fiame of a candle, and depressing It till a copious 
mpply of smoke covers the surface. 

The engraver, with an instrument like a needle, 
jailed an etching point, executes his drawing, and in so 
ing removes the ground, and exposes a clean surface 
metallic copper. The plate is then placed in a 
jdish, and dilute nitric acid poured upon it, till the cop>-a 

i di.^isolved out from the exposed lines to a sufficiei 
tepth. The plate is not allowed to remain in the acid a 
icient length of time to bite deeply, as this would cause the 
mgraving to he all of one degree of blackness ; but after it 
lEB been in the acid a short time, those parts which are 
squired to be of a light shade are stopped out, that is, they 
(pe covered with brunswick black, or a coat of varnish capable 
'of resisting the action of the acid ; the plate is then replaced ■ 
in the dilute acid, when after a time it is again removed, an* 
a farther portion is stopped out; and these operations t 
repeated as many times as there are differences of shade" 
required in the engraving. The degree of perfection that 
the professed engraver obtains by practice is truly extraor- 
dinary, considering the uncertainty which must attend thej 
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Operation ; for the action of nitric acid is not subject to any 
regular laws, and moreover is never alike over all parts of the 
same plate. This is owing to the copper plate itself being never 
pure, but always containing tin dispersed here and there 
throughout its testure, which resists the action of the acid, so 
that after a splendid plate is bitten in, some portions are left 
which cannot be acted upon by the nitric acid, but absolutely 
require the graver to bring up the fine lines. 

(277.) No engraver that I have conversed with, can explain 
the cause of these faults in their work, but to the chemist they 
are perfectly intelligible ; the nitric acid attacks the copper, 
forming a soluble nitrate of that metal which is dissolved in 
the fiuid ; but the action of nitric acid on tin, is altogether 
different, for it converts the metal into a peroxide, which 
being insoluble, protects the copper from the acid. The en- 
gravers have always noticed this white powder, (the peroxide 
of tin) so fatal to the success of their operations. 

(278.) Etcliing by galvanism is a far more certain operation 
than the foregoing, because it can be reduced to known prin- 
ciples. In this case, the plate to be bitten in, has the device 
first drawn upon the same ground that is used in the ordinary 
process; the back and edges of the plate are then coated 
with wax, when it is to be connected, by means of a wire, with 
the silver plate of one or two of my batteries. A piece of 
copper, of the same size as the plate, should then be connected 
to the zinc, when both the copper plate and the piece of zinc 
are to be placed in a solution of sulphate of copper. Imme- 
diately copper will be reduced from the solution on the nega- 
tive plate, and copper from the etching plate will be dissolved 
to keep up the strength of the solution. 

Whatever is favorable to the increase of electricity, causes 
the copper to be more quickly acted upon, and whatever di- 
minishes the galvanic current, retards the solution of the 
metal 1 so that the nearer the etching plate, forming the 
positive pole, and the piece of copper forming the negative, 
are approximated, the more rapid will be the action. In the 
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Bjne way, the intensity of the battery also affects the rate at 
hich the piftte is bitten in. The negative plate of copper, 
however, should not exceed in size the copper plate on which 
the etching is executed, or else there is a risk of some of the 
lines being more deeply bitten in ; and in like manner, if any 
considerable part of the plate has a great deficiency of lines 
compared witli other parts, that part must be stopped out rather 
before the other, to ensure a uniformity of depth, or else the 
negative copper opposite the part must be bo bent, that it is 
at a greater distance. 

»(279.) The advantages of galvanism for etching, are, the 
■absence of poisonous nitrous fumes, which are evolved in the 
ordinary process ; the greater uniformity of action which 
takes place than when acids are used, and that the rapidity 
of biting may be regulated to the greatest nicety. The lines 
may be made of any depth, and are sharper and cleaner than 
^■^tetrhen acid is used ; and lastly, no bubbles are evolved, which 
^B^Bbbe engraver well knows are apt to tear np the ground, or to 
cause unequal action. 

(280.) The exact quantity of copper dissolved from the 
plate, can be ascertained by weighing the metal reduced on 
the sheet of copper which forms the negative pole, or by 
measuring the quantity of hydrogen evolved from the silver 
plate of one of the platanized silver batteries, for thirty-two 
grains of copper will be dissolved for every forty-eight cubic 
inches of gas evolved. 

^Etching by galvanism can be executed with any desired 
degree of rapidity, according to the series of batteries to which 
the plate is connected ; but I believe that the practical man 
will find that the action should neither be too slow nor too J 
quick, and perhaps two or three batteries, arranged as a series I 
will be found best adapted, though a single cell would suffice. 
(281.) Galvanism would be valuable to the engraver for 
executing gradations of shade, such as, for instance, the effect 
, pf a strong light illuminating a whole room. The most simple . 
lanuer in which this can be shown, is to take a copper platQ 
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draw a number of lines on the ground witli a ruling 
tnachine. The plate, ailer having its back and edges coated 
with any non-conducting substance, should be then connected 
with the eilver of the battery, and a piece of copper of the 
eame size joined to the zinc. These two should be then so 
arranged in the solution of sulphate of copper, that at one end 
they nearly touch, while at the other they are widely apart. 
By this position, the greatest quantity of electricity would pass 
at tliat part of the plate where it is nearly in contact with the 
negative pole, whilst the least would pass at the opposite 
extremity. The action on the etched plate being exactly in 
proportion to the quantity of electricity passing, is unequal 
over the whole length of the plate, being greater where the 
metals are nearest, and gradually diminishing to the other 
end. Tlus is the most perfect mode by which it is possible to 
obtain a gradual gradation of shade. Many variations in the 
arrangements might be made by using, as a negative plate, 
, a wire or a rod of copper, placed over the centre of a prepared 
plate, for then a perfect gradation would be obtained, extending 
in all directions from the dark centre. In the same way, two 
or more radiating shades may be obtained, by using two or 
more negative wires. An insensible gradation might be made 
from the darkest shade at the external edge of the plate, to 
the lightest point at its centre, by cutting out a hole in the 
negative piece of cojtper, opposite to the part where the 
transition into light is required. 

(282.) The professed engraver who once practically masters 
l,the galvanic method of etching by the theoretical principles 
which I have here detailed, is sure to obtain great results. 
Jle could execute, with ease, the most extraordinary transition 
of light into darkness with fidelity, and with the utmost 
certainty. However, I trust that the value of electric etching 
will not be confined to the artist; for by removing the dis- 
agreeable consequences attending the use of nitric acid in the 
present mode of etching, more persons may be induced to enter 
linto it, and by this means, numbers studying the sciences, will 
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be enabled to execute an etching of those objects which are 
curious and rare, to send to their brethren who are studying 
the same subject. Those travelling in foreign countries, or in 
picturesque situations, might transmit to their distant friends 
an idea of the sublimity and grandeur of the scenery which 
they are enjoying, or of the appearance of the towns and 
villages through which they are passing. In fact there is 
not a person who might not be benefitted by receiving etchings 
from others, and who might not, in return, circulate engravings 
of those objects which he may see. Pictorial representations 
are avowedly better than any verbal descriptions, so that there 
is ample scope for any one to exercise his talents usefiiUy, 
and certainly many cannot be aware that etchings are no 
more difficult to execute than common pencil drawings. The 
process is as suitable for ladies to practise in their drawing 
rooms, as are any of their usual amusements; the operation 
being attended with as little trouble. It is necessary at first to 
have the plate prepared, or have a ground laid, which might 
be done by a workman, at the conclusion of the drawing it 
has to be bitten in. The objection to this hitherto, has been 
the disagreeable properties of the acid, as it is likely to spoil 
their clothes or injure the ftirniture; but now that these 
objections are removed, I trust that numbers will enter into 
this amusing and usefril branch of art. 




I have now detailed briefly, but I trust usefully, the proper- 
ties of bodies whicL are called galvanic, aud the effects which 
galvanic batteries produce, as far as relates to the interesting 
subject of electro -metallurgy. Our science, even in itself, is 
essentially dependant upon galvanism, and the precipitating 
apparatus employed is nothing but a battery cell. With 
regard to the laws regulating the metallic deposit, and the 
metals capable of being deposited by the voltaic current ; these 
are derived from my own observations. The importance of 
these laws to the operator, will be to enable hira to proceed with 
certainty. The reason which has induced me to devote so 
much labour and thought to these laws, has arisen from a 
conviction that the electrotype must have dropped, unless the 
operator could proceed upon certain fixed principles. The 
extension of the few isolated facts formerly known, and their 
enlai^ement into a general science will, I trust, be found 
useful to those engaged in prosecuting these operations. 

The influence which this new science will have on the arts, 
manufactures, and commerce of our great country, it is scarcely 
possible to foresee. The extended use of galvanism for 
manufactures requires the utmost encouragement, and the 
improvements must not be shackled by patents, if we desire 
the scheme to succeed ; for the ingenuity and the talent of the 
whole country is required to place it upon a firm footing. 

The multiplication of copper plates will cause a far greater 
demand for them than has ever existed heretofore, and the 
engraver need be under no apprehension, for not only will his 
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talents be more reqnired, but he will be called upon to execute 
more splendid specimens of art ; for as these can be multiplied 
ad infinitum, a large circulation will render it worth while for 
any publisher to pay a very high price for an original, which 
he conceives will meet with great public approbation. The 
publisher, in the same way, could lessen the price of engraving;8 i 
from our finest works of art, so as to bring them within the I 
means of every person ; and there is no doubt that he who 
first engages in a business upon the above liberal and well- 
known principles, will realize for himself a large fortune, and 
contribute greatly to the benefit of society. 

For our potteries, the multiplication of plates i 
higher importance, even than the last described valuable^* 
applications; for it enables the manufacturer to improve the 
designs upon our otherwise perfect earthenware, and then all 
countries will indeed be jealous of what they are already other- 
wise inclined to look upon with envy. 

Our calico printers will also now be enabled to use far more 
costly plates than they have hitherto employed. 

There are many other applications of this science, besides 
those which I have already detailed; such as the capability of 
adding copper to copper, and other similar purposes, which 
cannot be effected by any other process. Another important 
application of galvanism, is the means which it is likely f» 
afford of separating one metal from another, or from its ore. 
This subject is so vast, that had I entered upon it, another 
twelve-month would have elapsed before this work could have 
been printed. It appeared to me better not to incur this delayy ' 
especially as I hoped that the public would be benefitted by»il 
receiving at once the laws and principles which I had dtsco< 
vered. 

A great variety of the applications of electro-metallurgyi | 
may appear to many to be trifling, as they contribute only to 
embellish the drawing room and gratify the eye ; but lei them 
.-remember, that if private persons engage in the manufacture 
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of these little trifles, it will lead to a knowledge, and a practical 
knowledge too, of the effects of one of the most important and 
nniversal agents operating in nature. If manufiictiirerB engage 
in them, it will lead to a more general use of the galvanic bat- 
tery, which doubtless will eventually hold an important place in 
our manufactures. 

It is true that el eetro-me tall orgy offers many opportunities 
for fraudulent proceedings, as by it the forger can copy, with 
ease and unfailing accuracy, any embossed surfaces or stamps, 
and therefore no embossed work whatever should he nsed, 
where there is likely to be any inducement for copying. By 
it, seals may be forged, and an impression may be taken off a 
copper plate, if it only remain in the possession of the party 
for a few seconds; besides, our new science gives the false 
coiner many opportunities to further his fraudulent practices. 
These things are particularly pointed out, to put people on 
their guard against the designs of bad men. 

Science however must not stop because some of its applica- 
tions are liable to be turned to bad account by the evil designed ; 
and we must recollect that those things which can he forged 
by the electro-metallurgist, could also be forged by other 
processes before known. It was a favorite maxim of our great 
countryman, Wollaston, that " whatever man can execute, man 
can also copy, " and therefore the very idea of any device being 
inimitable is absurd. 

Of the value of electro-metallurgy to the arts and manu- 
factures, even in the present state of the science, there can 
be no doubt. It is not now a question of probability, wliether 
this science is practically applicable or not, for we have 
detailed fully what has been done by its agency — we have 
given full descriptions of all the various processes for obtain- 
ing with certainty many results — and finally, we have ar- 
ranged all the facts into a tangible and systematic form, and 
by laying down laws by which all its operations are governed, 
reduced the whole into a vast comprehensive science. 

It may be indeed a matter of conjecture, to what extent 
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this science may be uliimately carried out, or to what other 
purposes it may be applied in years to come ; but were it 
never to tie applied otherwise than it has already been, were 
it to stop for ever at the point to which we have now brought 
it, no one can deny that it is a moat valuable acquisition; in 
short, we may safely assert, that no other single discovery ever 
presented capabilities, at once so many, so various, so interest- 
ing, or so valuable. 

This science depends for its very existence on electricity, 
and among the indirect benefits, which it may sorely be hoped 
will arise from it, we may mention the study of electricity 
generally, of which gigantic power so little is known, and 
wliich, from the little we know of it, plays so important a part 
throughout nature; for though all of us recognize its opera- 
tion in the thunder storm, and view witli terror and amaze- 
ment the devastating violence with which, at such times, it 
makes known its power, yet, at present, how little do we 
know of the effects which it may at all times be producing 
around us, by its silent and continued operation. 

The science of electricity is perhaps one of the most sub- ] 
lime examples of the might of human intellect, for by its 
agency, man has made obedient to Iiis will, a power capable 
of producing such vast and terrible effects. " Nil mortalibiis 
arduum est," says Horace, when speaking of Promethus, who 
was fabled to have stolen fire from heaven, and modem 
science has proved again and again the truth of the assertion, 
though little could he have thought when writing the passage, , 
how nearly the fable of Prometheus would in after ages 
become verified. 

To the young chemist, we would particularly recommend j 
the study of this science, and should he be tempted to turn ' 
his attention to it in a systematic manner, he will be amply 
rewarded for his trouble. The results of his experiments are 
lastiug, and will be contemplated by him in after years with 
pleasure ; whereas, chemistry, beiug too often used ae a source ' 
of amusement, brings forth very different results. The ex- | 
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periments tend to nothing, and end in nothing, beyond the 
present gratification; they iliustrate factg which have been 
illuBtrated exactly in the same way a thousand times before, 
and are usually selected to be gone over and over again, purely 
beeause they possess some incidental character, which is cal- 
cnlated greatly to astonish the uninitiated spectator, and to 
enhance the scientilic acquirements of the operator. By such 
a course of proceeding, (for, undoubtedly, such it very com- 
monly is) nothing is done, either directly by the operation, or 
by increasing the knowledge of the operator, and there re- 
mains nothing to show for the labour and money expended, 
except perhaps, the trouble of clearing away the remains, or 
what is not so easily accomplished, the rectifying of the mis- 
chief done to furniture generally. We have no hesitation in 
Baying, that electro -metallurgy will afibrd as much or more 
gratification, as an intellectual pursuit, and infinitely greater 
satisfaction in its results. 

In conclusion, we cannot too often impress upon our rea- 
ders the advantage of making themselves thoroughly conver- 
sant with the principles upon which the operations of electro- 
metallurgy depend, and the laws by which these operations 
arc in all cases governed. By hurrying at once into the per- 
formance of the various processes, without thus qualifying 
themselves, what can be expected but failure, and its conse- 
quences, disappointment and mortification. Proceeding in 
ignorance of the rationale of the process, untoward circum- 
stances are for ever marring the designs of the operator ; 
experiment follows experiment, and failure follows failure — 
materials are expended in vain, and after the loss of much 
time, the student (if such he can be called) is tired of a science 
which has yielded him so little satisfaction, and throws it aside 
in disgust, perhaps attributing its uncertainty to that which is 
the pure and absolute result of his own idleness and conse- 
quent ignorance. But if he proceed in an orderly and philo- 
sophic manner, making himself first acquainted with the 
nature and modus operandi of the materials with which he is 
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about to work, he cannot by any possibility, fail in his results. 
With such preparation, no casualty can occur, which cannot 
be readily referred to its true source, and consequently as 
readily remedied. Those who are, comparatively unacquainted 
with electricity and galvanic apparatus, may meet with some 
little trouble in entering upon this science ; but commencing 
upon a right method, their first trouble will be their last; and 
let them always bear in mind, that without trouble, no great 
good was ever accomplished. 

Doubtless the galvanic fluid will, before long, be as im- 
portant to the manufacturer as the heat of a furnace. At 
present a person may enter a room by a door having finger 
plates of the most costly device, made by the agency of the 
electric fluid. The walls of the room may be covered with 
engravings, printed from plates originally etched by galvanism, 
and multiplied by the same fluid. The chimney piece may be 
covered with ornaments made in a similar manner. At 
dinner the plates may have devices given by electrotype 
engravings, and his salt spoons gilt by the galvanic fluid. All 
these, and many other applications we may have at present, 
but we must still look forward to the most important properties 
of the electric current derived from the galvanic battery; for 
although great and glorious are the triumphs of science de- 
tailed in this work, yet the prospect of obtaining a power 
which shall supersede steam, exceeds in value all these appli- 
cations. For to cross the seas, to traverse the roads, and to 
work machinery by galvanism, or rather electro-magnetism, 
will certainly, when executed, be the most noble acheivement 
ever obtained by man. 
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Absorption by coke, of hydrogen erolyed by decomposition of water, S7. 

of solution by plaster prevented, 61, 62. 

Acids, render water a good conductor, 3. 
Acid solution, of galvanic battery, 6. 
employed in DanielPs battery, 14. 

• ••••• in chemico-mechanical battery, 19. 

.of sulphate of copper in precipitating trough, 79. 

Acetate of silver, reduction of silver from, 77. 

of copper, reduction of copper from, 82. 

of lead, reduction of lead from, 87. 

Action, local, 4. 

• • ' . . mode of overcoming, 12. 

Adhesion of original and duplicate plates in electro-metallurgy, 49. 

cause of, 49. 

how obtained, 50. 

how avoided, 50. 

of air bubbles to moulds, 105. 

of air to metals, 49, 50. 

• • an apparent, 51. 

Affinity elective, of original plate for the solution, 52. 

Agents, imponderable, 1. 

Air, metals infilmed by, 49. 

. . . .becomes a pole, 50. 

• . . .adhesion of, to the metals, 51. 

Alkalies, increase the conducting power of water, S. 

Amalgamation of zinc by mercury, 12. 

frequently required in Daniell's battery, 14. 

gilding by, 93. 

Anaglyptograph, Bates's, 111. 

Animal electricity, 2. 

Anions, simple and compound, 34, 35. 

Anode, synonomous with zincode, and dectro positive pole, 29. 

Ammonia, chemical equivalent by weight, 32. 

hydro-sulphate of, used for bronzing copper, 85. 

Ammonio, nitrate and, chloride of silver, reduction of sUver from, 77. 
Ammoniuret of copper, reduction of copper from, 83. 
Ammonio, nitrate, reduction of copper from, 83* 

sulphate, reduction of copper from, 83. 

Antimony, reduction of, 66. 
Apparatus, single cell, 41, 44. 

for precipitation of metals, 40. 

capillary tube, 44. 

plaster, 44. 

battery, 45* 

union of battery and single cell, 47. 

for precipitating troughs, 47. 

Mason's, 47. 

Apples, coated with copper, 97. 

moulds from,. 113. 

Arrangement of cells of battery, for quantity, 7, 8. 45. 

intensity, 7, 45. 

Arsenate of cobalt, 120. 
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Astatic needles, 26. 
Atomic theory, 31, 32. 

Battery galvanic, discovery of, 2. 

requisites for, 2. 

acid solution, 3, 6. 

.- electro-negative plate, 3, 4. 

electro-positive plate, 3, 4. 

local action, 4. 

mode of overcoming, 12. 

chemical theory, 5. 

cofitact theory, 5. 

quantity of electricity, 7, 8. 

mode of obtaining, 7. 

intensity, 7, 8. 

mode of obtaining, 7. * 

signs of, being in action, 5, 22. 

• property of heating wires, 22. 

igniting charcoal points, 23. 

spark, 23. 

Leyden jar, charging of, 24. 

shock, 24. 

phisiological effects, 24. 

magnetic effects, 24. 

decomposition, 27. 

various forms o£ 

couronne des Tasses, 9. 

De Luc's column, 9. 

old forms, 9. 

Hare's, 10. 

Cruickshank's, 10. 

Danieirs, 13, 14. 

Grove's, 16. 

Smee's, 17, 1 8, 19. 

Battery apparatus, for precipitation of metals, especial advantages of» 

for making copper plates^ 121, 125. 

Baskets, electro-coppering of, 98. 

Bates's Anaglyptograph, 111. 

Bees-wax and rosin renders paper non-absorbent, 58. 

plaster non-absorbent, 60. 

for making moulds, 67, 103. 

Black lead, used for metallic coating of non-conducting substances, 63l 

« discovered by Mr. Murray, zxii. 

mode of ap^ying, 63. 

great variations in qualities, 64. 

test of good, 64. 

thickness requisite, 6& 

used for bronzing copper, 85. 

Black powder, of platinum, for chemico-mechanical battery, 17, 18. 

of metals, obtained under different conditions, 70. 

Bladder tor porous tubes in DanieU's battery, 14. 

• in single-cell apparatus, 41. 

relative power of admitting passage of electricity, 43. 

Books to be consulted by electro-metallurgists, xzvU. 
Brass, conducting power of, 3. 

monumental tablets, multiplicatiou of, by electro-metallurgy, 112. 

Bronzing of copper, 84, 8& 

• . . « by oxide of iron, 84. 

by blaek lead, 85. 

by platiaiim^ 85. 

by hydro-sulphate of ammonia, 85. 
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Buttoning down of duplicate and original engraved plates^ 49. 

'. cause, 50. 

• . • prevented, 50. 

Capillary tube apparatus for precipitation of raetals, 44. 
Calico printing, process, 130. 

application of electro-metallurgry to, 130. 

Carbon, a conductor, 3. 

Carbonate of zinc, 125. 

Casts, modes of obtaining, 53. See Mould. 

Cathions, given off at electro-positive pole, 34. 

Cathode, synonomous with platinode and electro-negative, 39l 

Cell, decomposition, to be regarded as a cell of the battery, 30. 

follows the same law as the other ceils <^ the battery, 91. 

size of plates, 28. 

various forms of, 27. 

y shaped tubes, 37. 

Faraday's voltameter, 27. 

Cell of battery, but one required for quantity, 7. 
... .a series, for intensity, 7. 

• • • .amount of chemical action in each, the same, 31. 

... .of chemico-mechanical battery, voltameter constructed flrom, 81. 

• • • .one only to be used, if possible, in decomposition, 68. 
• . . .single, apparatus, for precipitation of metals, 42, 43. 
porous tubes used in, 41 — 44. 

Chantrey, Sir Francis, method of making moulds from leaves, &c., 114. 
Charcoal points, ignition of^ 23. 

used for coating non-conducting substances, 03. 

Chlorides, good conductors, 3. 

• • platinum, chemical equivalent by weight, 32 

Chlorine, chemical equivalent by weight, 32, 
Chemico-mechanical battery, origin, 17. 

principle, 17, 18. 

platanizing negative metal, of 17, 18. 

platanized silver best adapted for negative metal 

of, 18. 

• exciting fluid, 19. 

<. . intensity greater, how obtained, 19. 

arrangement best adapted, 19. 

for manufacturing purposes, 19. 

other forms, 19. 

characteristics of, 19. 

amalgamation of the zinc but seldom required, 19. 

salts of copper, &c. deleterious to the silver of, 14. 

misstatements reg^arding, 20. 

compared witii Daniell's and Groves', 20, 21. 

voltameter constructed from single cell of, 31. 

evolution of hydrogen a test of quantity passing, 48. 

used for the experiments in this ^ok, xziil. 

constancy of, xxiv. 

Chemical action, amount of, alike in each cell, 81. 

form of battery on this principle, for nuaking electrotype plates, 

125. 
Chemical equivalents, 31, 32. 

tableof,82. 

Chemical electro, decomposition, 36. 

shown by experiment with coke, 87. 

Daoiells' theory, 37. 

Coating metallic, 62, 68. 

Cobalt, arseinate of, used in potteries, 1S9» 

Column de Luc's, 9. 

Craabustion of mietala by b«ttery> 82. • 
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CompDsition for rendering vooden Tcseels water tight, 47. 
Compound series, produce! intensity, 7. 

has same quantit; pusing in each cell, S- 

Conducton of electricity, meuls, 3. 
■ . flnidB, 3. 

. c blondes, 3. 
. iodides, 3. 
. carbon, 3. 

. long and tliin wires imperifeet condacton, 7. 
1 CondacUng power of water Increased b; aclda, ftlkalies, and ealts, 3. 

of nitrate of copper Increased, 91. 

of Boipbate of copper increased, 78, ^0■ 

, RibstBiices capable of reeeiring the Qtetallic deposit, 52, 53. 
I Constancy, meaning of the term, IS. 
..of Daniells' battery, IG. 
■ .obtained only under certain conditions, 15. 
■ . independent of long continued action, 15. 
..practical of Smee's battery, for the electrotype, xxiv. 
I Copper aheathlng of vessels presened, i. 
. bronzing of, B4. 
. clieraical eqalralent, 33. 
. reduction of, from sulphate, 78- 
. tolutioa, stren^h of, 7& 

acid, 79. 

neutral, 79. 

coudneting power increased, 78. 

. in flexible slate, 80, 81. 

. of atmoet hardness, or greater crystalline, 80. 

. of extreme brittleness, or lesser crystalline, 81. 

■ asabloclcpowder, 81. 

. from nitrate, 81. 

how prepared, 81. 

!ting power increased, SI. 
strength of solation, 83. 

, qnaliCy, 83. 

positive pole, 83. 

negative pole, 83. 

. . from muriate, 83. 
. . from other salts, 83. 
. . from aceutc, 83. 

Bdiant^e of, 83, 

. . &om the ommouiiirets, 83. 
, . mmmary of various modes of proceeding In , 83. 
. . positive copper pole, 83. 
.. negative pole, iuitable for, 84. 
. , reduced, assumes the furm of negative pole, 84. 
. . single cell apparutas for, 43, 44. 
. . battery apparatus for, 45. 
I Coppering, electro. {See Electro-coppering.) 
I Copper plates, plain, 1 19. 

.> present preparation of, for the engraier, 119. 

value of these, 120. 

disadvanUges of, ISO. 

, . made by electrotype, 120. 
, , experiments on, 120, 131. 
. . procens of making, 121. 

, adhesion of original and duplicate prevented, 131. 
[ Copper plates, plain, coating of parts not to be coppered, 131. 
* . form of battery best adapted for, 181. 
. precipiWting trough for, 133. 
venlG«l, 133. 
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Copper plates^ plain, precipitating trough, horizontal, 122. * 

from solution of sulphate, 122. 

from solution of nitrate, 122. 

should be at-a high temperature, 122. 

elasticity of, 122. 

obtained of different textures, 123. 

single cell apparatus, not adapted for, 124. 

time requisite, 124. 

removal of duplicate from origrinal, 124. 

• • • • -. . . obtained trom various smooth surfaces, 124. 

economy to be pursued in the manufacture, 125. 

expense attending the manufacture, 126. 

engraved, various modes of obtaining moulds from, 127. 

by lead, 127. 

« curling of the plates prevented, 121. 

process for electrotyping^ 128. 

medals, battery apparatus for, 105. 

single cell apparatus, 106* 

solution used, 105. 

size of battery, 106. 

• precipitating trough, vertical, 106. 

thickness not required, 106. 

deficiencies in deposit on very deep moulds rendered,106. 

removal of casts, 107. 

adhesion of casts to moulds, 107. 

importance of electro-metallurgy for, 107. 

on makinga perfect model by electrotype, 108. 

modes of obtaining moulds, 101. 

Couronne des Tasses, 9. 

Crosse, Mr., on galvanic spark, 23. 

Cruickshank's, Mr., battery, 10. 

Crystallize, tendency of metals to, 100. 

Crystals of metal, size influenced by amount of quantity, 69, 70. 

• obtained under different conditions, 71* (See Metals.) 

Current electric. Ohm's formula, 38. 

measure of. (See Voltameter and Galvanometer.) 

Daniell's observations on copper reduced in his battery, xix. 

view of the decomposition of the metallic «a]ts, 37. 

battery, 13. 

t . . . . construction, 14. 

attempts to improve, unsuccessful, 15. 

constancy of, 15. 

; only obtained under certain conditions, 15ii> 

disadvantages, 15. 

• advantages of, 15, 16. 

hydrogen, removal of, 14, 16. 

• comparison with other batteries, 20, 21. 

porous tubes, use of, 14. (See porous tubes.) 

Daguerrotype plates multiplied by electrotype, 134. 

appearance of, 134. 

patented in this country, 135. 

De la Rue's observations on the cupper reduced in Darnell's battery, 

De la Bive, on electro-gilding, 90* 

De Luc's column, 9. 

Decomposition a property of the galvanic battery, 27. 

as a test of quantity, compared with magnetism, 27« 

apparatus, 28. 

• . . • • ....•• various forms of, 28. 

y shaped tube, 28. 

, Faraday's voltameter, 28. 
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Decompo^oD ■pparatiu, Fandny'i Tattacoeter, tsfIoui foraii, 37. 

celloneofUieceUiofUiebatterv, 38. 

laws of, 33. 

with regard totolidi, 33. 

eicepUoDi, 33. 

withKgard toflnidB, 33,34. 

..... eiceptioDC, 34. 

as regarda eqniTHleaU, 31. 

...k... Inteiuitj n^eBBaiy, 34. 

.dlKra with vBriong sabeUncee, 34. 

..... ioatancei, 94. 

...•■■ electroljticsl, 34. 

electro-cheinical, or wcondary efTecta of, 30, 

of metallic ealU, Prafessor Daulell's 'iew, 37. 

of two subctances in laniG solution, 37. 

cS^ted in two wByK, 38, 

eSects of, only inaalfcsted at the polM, 3a 

affeclfd by tbe tuTDpfrature of the tolatian, 38, 

Deflection of permaaent magnet from gattanic current, HA. 

Dmtist, value of clectro-metalturgyto, 116. 

Die> from emlwisseil BurfaceB, 113. 

Dip of the mugnetic needle neutraliznl, 26, 

EtTtheoware tul>e« liable to diaintegration. It. (See porous tubes.) 
Economy to be punuetl in manofacture of plain copper-plates, I3&. 
Kel-eleetric shock, 1. 
Elective affinity of original plate for the solution, In eiectro-metalhirgy, 53. 

mode of partially oiercombig, S3. 

Electrodes, name given to tbe poles by Faraday, 29. (8ee poles.) 
Electro-metallurgy requires a knowledge of galvanism, 40. 

apparatus, single cell, or porous tube, 41, 

appatatuB, various forms, 43, 43, 44. 

, Intensity, modes o( regulating, 48. 

quantity, mode of r^^ulnting, 48. 

denoted by bydrogenln Smee's battery, 48. 

posiUon of the mooid on which the metal is reduced, 49. 

buttoning down, or adhesion of original aud duplicate, 49. 

cause, 4S. 

prevention, 49. 50. 

anapparent, from reduced lue- 

tiils growing round the 

avoided, 61. 

useful to the nnmismatbt, 101. 

to the botanist, 113 and 97 

tu tbe sculptor, I14and97. 

to the goldsmith, 1 16. 

to the dentist, 110. 

to tlie surgeon, 1 16. 

: to the geologist, 116. 

applied to multiplication of copper plates, plain, IID. 

engraved, 137. 

of sleel plates in copper, 131. 

of wood cub) in cop]>er, 132. 

of braasea, IH. 

of scats, 100. 

of plaster medalliODS, 110. 

of medals, 103, 104. 

of embossed surfaces, 113. 

nftype, 118. 

applied to the potteries, 120. 

to calico printing, ISO. 
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Electro-metallurgy, etching by, 138. (See etchiog-X 
Electro-coppering of conducting substances, 96. 

of non-conductiBg substances, 06. 

arrangements, 96. 

in crystalline state, 96. 

arrangements, 96. 

of medallions, 97. 

preparation of cast, 97. 

number of cells of battery required, 97. 

of fruit, Tcgetables, leaves, &c. 97. 

process, 98. 

• '• forms of copper besiadapted, 98. 

of baskets, 98. 

of earthenware, 99. 

process, 99. 

Electro-gilding, 89. (See gilding.) 

silvering, 95. (See silvering ) 

platinating, 94. (See platinating.) 

platinizing, 94. (See platinizing.) 

palladiating, 95 (See palladiating.) 

nickelling, 96. (See nickel.) 

Electrolysis, 34. 

Electro-magnetism, 24. (See magnetism.) 

magnet, 26. (See magnet) 

Electrometers, Mr. Snow Harris, 23. 

construction, 23. 

a valueless test, except under certain conditions, 23. 

Electrotype, origin of, xix. 

Danieirs observations, xix. 

Be la Rue's observations, xx. 

Jacobi's idea of its application, xx. 

Spencer*8 idea of its application, xx. 

first engraved plate, multiplied by, printed in Philosophical Magazine, 

xxiii. 

see electro-metallurgy. 

Elphinstone's water-gilding, 93. 

Embossed surfaces, process for making metallic moulds of by electro-metallurgy,! 13. 

Etching, 137. 

process of '^ laying the ground," 137. 

"stopping out," the parts to be slightly ^^ bitten," 187. 

. . . ." Biting in " by nitric acid, 137. 

irregular biting, 138. 

caused by tin contained in the copper, 138. 

'' biting in " by galvanism, 138. 

process, 138. 

time requisite influenced by distance from the negative pole, 138w 

negative pole, 1 39. 

advantages of, 139. 

absence of nitrous fumes, 139. 

uniformity of action, 139. 

absence of bubbles, 139. 

........ quantity of copper dissolved ascertained, 139. 

gradations of shade executed by, 139. 

process, 140. 

variations in arrangements^ 140. 

general remarks, 140. 

Engraved plates, multiplication of, 127. 

Exciting fluids used in batteries produce different intensities, 6. 

strength of, produces variations only in quantity, 7. 

used in DanielPs battery, 14. 

in Grove's battery, 16. 
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Bxcfting flnids ased in cliemicn-mecbaDlca] battery, IBi 
Expense, relutive, of Danlell's, Grove's, and Smee'i battertea, St. 
Eipeose of maQUfacturing copper piatea, 126. 

Faraday'i voltsineter, 33. 

Faraday oa the chemical ttieory oftbe pile, 5. 

DD the poles of the dccompo^ijtion apparatus, SBi 

OD Ihc lavs of decompositioD, 93. 

...OD electrolysis. 34. 

on the iDQB, anions, ratliions, 34. 

Ferrocyanale of potash, electro.-chemical, decomposition of, 36. 

Fruits, electra-copperlng of, 97, 98. 

Pumes, nilrOQS, given off by Grove's battery, detrimental, IB. 

absence of in galvanic etcliing, 139. 

Gslvanic battery, 2. {See battery.) 

Conronne des Tasses, 9. 

De Lnc's column, 9. 

Dr. Hare's, 10. 

Cruickshank's, 10. 

Daniell's, 13. (See Daniell's battery.) 

Grove's, Ift (See Grove's battery.) 

cliemico-mechBiiical, 17- (See cbemica-mecbanlcal.) 

Galvanic reduction of metals, 53. (See precipitation of metals.) 
Galraaometer, on Uie principle of the iletlexion of the magnetic needle, 25. 

various constructlona, 26. 

tortion,26. 

of soft iron horse-shoe magnet, 25, 28. 

,,. only valuable for ciimparatlve es:perimenla, S7. 

freqnently imperfectly made, '27. 

Gassiott, on the spark of the galvanic battery, 22. 
Geologist, valiiaof eieotro-metaliurgy to, 117. 
Olaie of pottery penetrated by metallic solutions, 47. 
Gilding electro conducting substances, 80. 
••..-- preparation of the plate to be gilt, S9- 

metals capable of, 89, SO. 

, . . . " surface to be adapted for, 90. 

solution of gold, of varloQS strEOgtha, under different conditions, 90. 

by single c3l apparatus, 90. 

porous tubes used in, 90, 

outer cell, flO. 

negative metal, 90. 

by battery apparatuii, 01. 

aiie of the battery, 91. 

...... utrenglh of e:(ciling fluid in the celie of the battery, 91. 

, positive pole for, 91. 

.,,,,. strength of solution of muriate of gold, 91. 

coating of the parts not Co be gilt, 91. 

quantity of clectrieity for, 91. 

whiting used, 91. 

colour of the precipitated gold, 91. 

copper, 93. 

sliver spoons and vessels, interior of, 92. 

preparation for, 02. 

positive pole, 93. 

Boiution, strength of, 02. 

silver vessels, exterior of, 92. 

not applicable to non-conducting substances, 94. 

water, Elphinslone's method, 03. 

a mere surface of gold only obtained, 03. 

_ solution required, 93. 
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Gilding, by amalgamation, 08. 

detrimental to the workman, 08. 

comparison between the ?ariou8 methods, 09. 

Gold, chemical equivalent of, 32. 
.... reduction of, 74. 

from chloride or muriate, 74* 

size of, 75. 

strength of the solution of gold, 74, 76. 

positive pole, size for, 74, 75. 

negative pole, 74 

surface of, 74. 

material, 76. 

from other salts, 75. 

Grove's battery, construction of, 16. 

• .remarkable for its intensity, 16. 

disadvantages of, 16. 

nitrous fumes detrimental, 16. 

porous tubes, 16. 

• . . • " in principle similar to DanielPs, 17. 

compared with Daniell's, and the chemico-mechanical batteries^ 

20,21. 
Ground for etching, 137. 

Hardness of copper, how obtained, 80. 
Health, effect of metallic solutions on, xxvii. 
Heating wires a property of the galvanic battery, 22. 
History of electro-metallurgy, xix. 
Hydrogen, chemical equivalent of, 32. 

• cause of its manifesting itself at a distance from the positiye metal, 6« 

adhesion of to the negative plate, if smooth, 11. 

to the positive metal, if smooth, 11. 

prevents local action, 12. 

facilitated by amalgamation by mercury, 12. 

manner of its evolution affects the intensity, 13* 

removal of in Daniell's battery, 14. 

in Grove's battery, 16. 

evolution of in chemico-mechanical battery, 18. 

test of quantity passing, 31 and 48. 

Hypo-sulphite of silver, reduction of silver from, 77. 

Ignition of charcoal points, 22. 

Imponderable agents, 1. 

Intaglio. (See mould ) 

Intensity, an important property of the battery, 7. 

how obtained, 7. 

effects of 7 and 8. 

cause unknown, 7. 

and quantity illustrated, 8. 

when more than sufficient to overcome an obstacle not advantageous, 8* 

aloue being required, best mode of obtaining, 8. 

affected by the evolution of the hydrogen, 13. 

Grove's battery remarkable for, 17. 

of chemico-mechanical battery increased, 19. 

required to show the galvanic spark, 23. 

required for electro-magnetic machines, 26. 

required to effect decomposition, 34. 

as regards the electrotype modes of regulating, 48. 

effects on decomposition 6S. 

of one cell, if deficient for the electro-metallurgist, compensated, 69. 

if capable of decomposing water, sufficient, 60. 

Ions, anions, cathions, 34. 
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looB, simple and onnpoaiid, list, 35. 
.... Faraday on, 34. 
Iron, redaction of, 86. 

flrom proto-sniphatey 86. 

positiye pole for, 87. 

Jar, Leyden, charging of by battery, 23, 34. 
Jacobi's idea of electrotype, xx. 

Kemp, inyentor of amalgamation of the zinc of the battery, 12. 

Laws of decomjMwition of metals, 33. 

• • • • of precipitation of metals, 66. 

.... of reduction of metals as a black powder, 66. 

in crystals, 66. 

• in a regnline state, 67. 

Lead, reduction of, 87. 

from acetate, 87. 

positive pole with a series, 87. 

with a single battery, 87. 

.... chemical equivalent of, 32. 

.... used for making moulds or relieros from eng^ved plates, 127. 

Leaves, copper moulds made from by electro-metalluigy, 113. 

• I appearance of, 113. 

Chantrey's method for, 114. 

electro-coppering of, 97. 

process, 98. 

forms of copper best adapted for, 98. 

Light, arc of, shown by Grove's battery, 17. 

action on the salts of silver, 63. 

Linseed oil, boiled, renders paper non-absorbent, 61. 
plaster non-absorbent, 62 and 113. 

Magpiesia experiment, 13. 

Magnetism, identical with electricity, 25. 

but two metals capable of, 24. 

Magnetic effects of a galvanic battery, 24. 

induced in iron, 25. 

electro-machines require intensity, 26. 

Magnet, temporary, 24. 

permanent, 24. 

deflection of, at right angles from the current, 24, 25. 

polarity, 25. 

soft iron, horse-shoe, 25, 26. 

weight sustained by, a test of quantity, 25. 

Manganese, black oxide, used in de Luc's column, 9. 

Manganese, reduction o^ (See errata.) 

Mason's decomposition apparatus, 47. 

Murray's application of black lead to non-conducting subttanees, zzii. 

Measures of quantity passing. (See electrometer, hydrogen, galvanometer. See* 

Mechanical means of copying engraved plates, 131* 

M'^dals of gold, 103. 

process, 108. 

of silver, 104. 

of platinum, 104. 

of palladium, 104. 

of copper, 105. 

by single-cell apparatus, 106. 

by battery apparatus, 105. 

process,^ 105. 

strength of solution, 106. 

verti<^ precipitating trough, 106. 

adhesion of air bubbles to be avoided, 105. 
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Medals of copper, deficiencies in the deposit on yery deep moulds remedied^ lOG. 

thickness requisite, 106. 

••..•• removal of casts from moulds, 107. 

• adhesion of casts to moulds, 107. 

from plaster casts, 110. 

process for Bates's anaglyptog^ph, 11 1. 

Metals, relatiye conducting powers of, d» 

» electro-negative, 3* 

electro-positive, 3. 

relative state of electricity, 3. 

if pure, difficult to dissolve, 4* 

thickness of, influence on the quantity of electricity, 10. 

precipitation of, various forms of apparatus for, 42, 43, 44. 

• solution maintained saturated in, 43. 

• • of great affinity for oxygen, 45. 

apparatus, 45, 46, 47. 

Mason's, 48. 

conducting substances on which it may take place, 52. 

on non-conducting substances, 55. 

in three different forms, 66. 

laws regarding, 66. 

effects of intensity on, 68. 

effects of quantity on, 69. 

in black powder, 70. 

with any given solution, 70. 

with any given negative plate, 70. 

with any given battery, 70. 

in a crystalline state, 71. 

with any given solution, 71. 

with any given negative plate, 71. 

with any given battery, 71. 

in a reguline state, 71. 

under different conditions, 71. 

noble metals, apparatus for, 76. 

summary of principal points to be attended to, 87, 88. . 

Metallic coatings for non-conducting substances, 62. 

by reduction of metals by phosphorous, 63. 

by other modes, 63. 

by black lead, 6a 

Mercury used for amalgamating zinc in galvanic batteries, 12. 

Mr. Kemp inventor, 12. 

to be preserved after the reduction of the 

zinc, 125. 

used in gilding by amalgamation, 03. 

Mezzotinto, process, 1^. 

Moulds, plaster, rendered non-absorbent, 60. 

...... of medals, modes of obtaining, 101. 

by galvanic precipitation, 102. 

for one side, 102. 

for both sides, 102. 

in lead, pewter, fusible metal, tinfoil, or silver leaf, 102. 

in non-conducting substances, 103. 

in sealing-wax, 103. 

plaster of paris, 103. 

white wax, 103. 

stearine, 103. 

of plaster medallions, 110. 

by galvanic precipitation, 110. 

by white wax, 110. 

by bees-wax and rosin, 110. 

by stereotyping, 111. 
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MouldH of braBB tablets, 112. 

of embosesd surfaces, 113. 

from fruit, vc^retables, &c. 113, 114. 

of engraved plates, 1 27. 

by lead, 127. 

by wax, 127. 

• by plaster, 127. 

by Perkins'^ apparatus, 131. 

Muriate of copper, reduction of copper from, 82. 

of gold, reduction of gold from, 74. 

nitro- of tin, reduction of tin from, 87. 

Needle, astatic, 26. 

...... deflexion of at right angles to galvanic currents, 25, 26. 

Negative metal, 3. 

use of not apparent, 5. 

every point of, should radiate to positive metal, 6. 

quantity depends on size of, 7. 

cleanness of, important, 10. 

if smooth, loses its power, 11. 

of Grove's battery, 16. 

of chemico-mechanical battery, 18. 

pole, synonomous with platinode and cathode, 29. 

for reduction of gold, 74. 

silver, 76. 

copper, 82. 

Nickel, reduction of, 78. 

Nitrate of silver, reduction of silver from, 76. 

• copper, reduction of copper from, 81. 

Nitric acid used in Grove's battery. 17. 

. . % < . etching, 137. 

Non-conducting substances, 55. 

first kind, 65 -57. 

second kind, 57 — 62. 

third kind, 62. 

metallic coating for. 62, 63. 

Oil, linseed, renders plaster non-absorbent, 60. 

renders paper non-absorbent, 57. 

Oxalion, 37. 

Oxides of metals, nou-conductors, 10. 

Oxysulphion, 37. 

Ozycarbion, 37. 

Oxygen, evolution of, during the decomposition of water, 45. 

Oxynitrion. 37. 

Palladium, reduction of, 75. 
Palladiating from nitro-muriate, 95. 

colour of reduced metal, 95. 

Paper, absorption of, prevented, 57, 68. 
Perkhis apparatus, 131. 
Phosphorus reduces the metallic salts, 63. 
Physiological effects of battery, 24. 
Platinated earthenware, platinized, 10. 
Plating, electro, 95. 

surface to be coated, 95. 

whiting used in, 95. 

solution of silver, 96. 

quantity of electricity regulated, 96. 

Platinating, electro, 94. 

surface to be platinated, 94. 

positive pole, 94. 

diflfers from platinizing, 94. 
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Platinode, synonymoiiB with cathode and electro-negatWe, 88. 
Platinam, best adapted for poles of Faraday's Toltameter, 30. 

reduction of, 75. 

Plaster, list of substances rendering it non-absorbent, 62. 

apparatus, 44. 

medallions copied, 110. 

preparation of, 59. 

intaglios in, 59, 60. — See moulds. 

Plates, (See copper plates, steel plates, &c.) 
Plumbago. See black lead. 
Poles of battery, 28, 29. 

synonymous with electrodes, 20. 

.... positive, action on, 136. 

in proportion to the quantity passing, 137. 

in proportion to distance from negative pole, 130. 

Porous tubes used in voltameter, 28. 

various forms and applications in single cell apparatus, 42, 43. 

substances best adapted, 41 , 42. 

Positive metal, size of not much consequence, 6* 

distance from negative regulates quantity of electricity, 0. 

synonymous wth anode or zincode, 39. 

Potash, used for dissolving oxide of gold, 75. 

Pottery, 129. 

Precipitation of metals, 40. (See respective metals.) 

Proto salts, only suffer electrolysis, 34. 

Precipitating trough, materials best adapted for, 46, 47. 

vertical, 106. 

horizontal. 

Printing, ordinary mode, 118. 

Quantity of electricity influenced by the zize of the metals, 10. 

to be sought for when sufficient intensity is obtained, 8. 

effect of, aud decomposition, 69. 

measured by voltameter, 59. 

as regards electro-metallurgy, modes of regelating, 48. 

in chemico-mcchanieal battery, denoted by hydrogen evolving, 48* 

regulated by tiie distance between the plates of the battery, 8. 

causes of, 7. 

how obtained, 7. 

.lessened by small wires or wires of great extent, 7. 

and intensity exemplified, 8. 

in single cell apparatus, how regulated, 72. 

in battery, how regulated, 69. 

Radiation from the positive to the negative metal, 6. 
Reguline metal obtained under different conditions, 71. 
Reduction of copper. (See copper.) 

zinc. (See zinc.) 

iron. (See iron.) 

lead. (See lead.) 

gold. (See gold.) 

platinum. (See platinum.) 

palladium. (See paUadium.) 

• nickeL (See nickel* 

tin. (See tin.) 

Relievos in lead, 127. (See mould.) 

by Perkins' process, 131. 

Rosin and turpentine renders plaster non-absorbent, 60. 

and grease, ditto 60. 

and bees-wax, ditto 68. 

Salts, metallic, reduction of metals tram. (See respective metals.) 
• •..•••••••• improre the condacting of water, 3. 
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Bcnlptnre, application of I'lectro-metallurgy 
..pre8«Di method of caMlug, 1I& 
..executed bf theelectro-oietallargist, IIS. 
..nJaCire eoat with that nov in ate, 1 19. 
■ .thickneu of capper required for, 1 Ifi. 

Bealii^-WBX, compusitlun of, 55. 

-•lued for making moulds, 55, 56, 103. 

proceu, 56, 

b<r hjtdrOBtatlc pressure, 56. 

Seals, process for copying, 100. 

SecoDdary eS^ts of decomposition, 36. 

Series, compound, no more quantity ubtalned by, 7. 

causes greater inten si ly, 7. 

Ships, copper sbealhing of, preserved, 4. 

"" r, reduction of, from acetate, 77. 
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^^^F iiitnte,3a 

^^^^* negative pole, suitable for, 78. 

■ positive pole, 76. 

sulphate, 77. 

hypa-«iilphlte, 76. 

platinized, preparation of, 11, 18. 

used In the chemico-mechanical battcrf, IS. 

Silvering by electricity, 96. (See plating.) 

Single cell apparatus, for reduction of gold, platlna, palladium, 46. 

for the precipitation of metals, 49, 49. 

Single cell of battery to be used If possible, tor decompoidtioii) 00^ 

Smee's battery. {See Chemlco-Mecliaitical.) 

Solids, not decomposed, 33. 

Solly's modes of obtaining metallic coating, 3. 

Solution acid, functioa of, 6. 

Spark, best sliovru by Orove's battery, S3. 

Crosse on, 22. 

distance it will pass, 22, 

duration of, determined by Wheatstone, 2& 

...... of a galvanic battery, 22. 

Gtasiot on the, 33. 

requires intensity, 23. 

Spencer, gave the idea of the electrotype. 

process for obtaining metallic coating. 

only socfeeded with conducting substances, 

Spermaceti, renders plaster non-absorbent, 60. 

Stearine, renders plaster non-absorbent, 60. 

Steel plates, mutlJpllcallon of, iu copper, 131. 



■Glieio in vax plaster from, 131. 
Bteel wire, fused by the galvanic battery, 23, S3. 
Stippling process, 138. 
Stopping out in etcliing. 137. 
Burikces embossed, metallic moulds from, 113. 
Burgeon, use of electro-metal 1 orgy for, 116, 117. 
Sulphate of copper, reduction of copper. <8ee copper.) 

silver, reduction of metal IVou. (See siiver.) 

Zinc, effect of metallic solution, 41. 

reduction of metal from. (See line). 

Sulphovinlon, 37. 

Sulphur, acted on by the metal precipitated, 62. 

Tallow, renders plaster non absorbent, 61. 

Temperature, of solution influencing Uie rale of decomposition, 88. ^ 
ThJeory, chemical, S. 
. contact, A. 
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Tin, reduction of, from nitro-muriate, 87. 

• . . .positive pole with a series— with a single battery, 87. 

• . • . reduced on copper, in etching with nitric acid, 138. 

.... reduction of, 87. 

Trough, precipating, 46. 

voltaic battery. (See Galvanic) 

Turpentine and rosin renders plaster non-absorbent, 60. 
Type, multiplication of, by electrotype, 118. 
by stereotype, 118. 

Varnishes to render paper non-absorbent, 58. 

plaster ditto. 61. 

Vegetables, coppering, 97. 

moulds from, 118, 114. 

Voltaic battery. (See Galvanic) 

current, proximate cause of, 5. 

Voltameters, constructed by a cell of the platinized silver battery, 31 

.^ Faraday's, 28. 

indicating quantity of electricity passing, 27—30. 

results sometimes imperfect, 31. 

various forms, 28, 29. 

Water, its conducting power, 3. 

improved by acids, alkalies, &c., 8. 

Water-gilding, Elphinston's method, 93. 

a mere surface of gold, 93. 

solution for, 93. 

Wheatstone, on the duration of galvanic spark, 24. 
White wax, moulds in, 103. (See moulds.) 

renders plaster non-absorbent, 60. 

Whiting used in electro-plating, 77. 
Wires, heated by the galvanic battery, 22. 

thin, bad conductors, 7. 

Wood-cuts, designs on, 133. 

intaglio moulds in copper, wax, plaster, Sec 133. 

multiplication of, 133. 

seldom required, 133. 

Zinc, amalgamation of with mercury, 12. 

seldom required in Smee's battery, 19i 

.... extent of surface not much consequence, 6. 

fuel of the battery, 5. 

oxide removed by acid, 6. 

polished unacted upon by the acid, 11. 

positive to nearly all other metals, 3. 

reduced in the cells of a battery, 86. 

same quantity dissolved in each cell of battery, 8, 9. 

sulphate formed by the acid in the battery, 6. 

used for tiie reduction of the metal, 85. 

used for the single cell apparatus, 90. 
Zincode, synonomous with azode and electro-positive, 29. 
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Erbata : 

page 21, line 9, '' -f- a local action," read -f a 'Mittle local action." 

„ 95, under anions, for <^ Fulorine" read '' Fluorine." 

„ for " Sulphoganogen," read '' Sulphocyanogen." 

„ 88, last line, for " (r) " read « (r*) " 

n E , n E 
„ „ Ohm formula for r read — ■ ;:; 

„ 66, line 6 from top, omit Manganese. 

;: m; "»« 0,Cu ! «" " ©"W-e^type'' n«d « Daguerreotype." 

*/, IM ij^*16 I *""' *"** bottom, « Symon" read « Simon." 
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2 NOTICE OP A SERIES OF ENCYCLOPAEDIAS, 



(BfiitiottS at tbc frtis. 



The Athmwiun. 
" A series of cocjrclopiedlcal Tolomea, wherein b gjeat qnantitf of infonniitlan 
U ti> be condensed into a emnll compass, and UTBnged in a form tbe most 
convenient for freqnent reference. Such a aeries will, when completed, form b 
valuable libiary of practical knowledge. The apeinmens we hare already BeRn of 
these irorks, are Bach ns do great credit (o the puhltflhers who formed the 
design, and to tbe authors who hate eieoited the respective divisions. London's 
Encjelopiedia of Agricultare has now given proof of ita Tslne b; a third edidan ; 
hhi Encjclopadia of Gardenlne is to be seen open on the table of every sdentific 
gardener, and of every man who vaines bis ipirden , from one end of this garden - 
covered island to the other— from the region of the heath to that of the myrtle I 
M'CnIloch'a Dictionary of Commerce and Conunerdal Navigation ia to be footid 
in the library equally of the merchant and the man of general infbrmatioD. Of 
the Dictionary of Practical Medicine, by Dr. Cotilund, we heretofore eipresaed 
our approbarion. Taken as a whole, and judging by the gpecimens already 
published, we consider this neries of works to be one of the most valuable 
produced for many yeara ; and wo look forward to the publication of tbe 
Dictionary of Science, Literature, and Art, with confidence and special pleasure, 
as a work much wanted. None can conceive, who hnva not witnessed them, the 
difficultiea encnuntereU in the attempt to get up sterling substantial works of this 
kind ; few are aware of the e^itent of knowledge, of reading, and of BUstaJnoJ 
effort, in collecting, writing out, and digesting auch works." 
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" The authors and publishers of moat of tbe great Dictionaries and Encyclo- 
pedias that have hitherto appeared in this and other countries, have endeavoured 
to concentrate into a single work all the scattered elementa of universal know- 
ledge. But success in such an nudertaking could not rationally be looked for ; in 
such works it is uniformly found that those departmentB with which the etiiCors 
and principal contributors are best aci|uainted, are treated at great length, and 
often with much care and research ; while those equally important, and far more 
numerous, departments, with which they are less fatnUiar, or in which they take 
less interest, are diapntched in a comparatirely brief and slovenly manner. It is 
clear, too, that if all the Tarious branches of human knowledge were treated in a 
single work, with that completeness which the iutereat attached to the greater 
number demands, it would be of the most gigantic dimeUBione, and could not be 
afTotded, except at a price that would preclado the great hulk of readers from 
becoming ila purcbaeera. We have, therefore, dways approved of the valnabla 
encyclopedias which have issued, or are^n the course of pohlioation, hy Messrs. 
Longman. They seem to form a series of Spicial awd iMVEpeNDEXT Die* 
TIOKAHIES, each being the work of persons distinguished by their attention to, 
and proficiency in, the departments of which it treats. The advantages of this 
arrangement are obvious. Each subject must have the best chance of being well 
and carefully treated. Tbe pnhlication of a aeries of independent Dictjonariea is 
farther advantageous, by its giving individuals the option of purchasing such only 
as they may have occasion for, without encumbering themselves vrith the Others, 
f the works already published on this plan, ahewa that it baa been 
fully approved of hy the public.'' 



-m 



-m 



PRINTED FOR LONGMAN, ORME, li CO. 



RURAL SPORTS; 

OB, 

A Coinpleie Account, Historical, Practical, and Descriptive, of Hunting, 
Shooting, Fishing, Racing, and other Field Sports and Athletic 
Amusements of the present day. 

BY DELABERE P. BLAINE, ESQ. 

Author of " Oullioee of the VeleriQaL7 Art," " Canine Pathology," &c. *P. 

i on Wood, by R. Branston, from Drawings by Alkfn, 
SO9. baurjeomely batmdiii fancy clutb, lettBred. 



" In offering to tbe public an ' EaoyclopBedia of Rural Sporta,' the PnbliBhera 
fpcl called npon to give some sccount of the ori^ of the work, the objects 
jiropofied to be accDmpluhed, and the means employt^d to accomgiliah them. 

' ' Ita object is to treat of every variety of iporting. In tbe must enlarged 
sense of that word. The work is, in fact, devoted to the history, description, 
and eiptanatioa of those sports which permanently attach many thousands of 
English gendeuen to a country life, and indnce othera to hail with pliauure the 
annual return of those periods when the pursuits of fashion, or tbe urgent 
demands of absorbing basiness, are for a time forgotten, in the enjoyment of 
tbiiae healthful recreaCiona which fit the body and mind for renewed eiertion. 

" It would be absurd, in the prc«ent day, to affect to pronounce any eulogy 
npon sporting. Even those who are not sportsmen admit that tbe pleasures of 
the field are, of all excitements, tlie most innocent and healthy ; and the universal 
favour in which they liave been held, from tbe earliest ages to the present, is no 
sHgbt testimony in their behalf, nor slight jnstificatiaa of any attempt to regulate 
and reader beneficial the pursuit of them- 

" It is the chaiacteristic of this age, that nothing can be done without receiving 
aid from science, and nothing that receives snch aid fails to impart added stores 
of information to it in return. We have pat off the belief that men can do any 
thing snfficiently well by the mere force of habit, and we insist on their knowing 
why they do a thing, and wbst lu^ the varions, and which the beet modes of 
doing it. Tbe sportsman by rote is but half a sportsman : his range of pleasure 
is confined by the want of knowledge, and even the things he sees can 
bardly be said to be observed by him, or to alford him any pleasure but that 
derived from having, by his skill, obtained possession of them. Knowtedge. 
therefore, ia sought by the sportsman, not only ea a means of sporting well, but 
of sporting pleosnrably. To bcilitate the accomplishment of tbie, books of all 
sorts have been from time to time pnblisbBd on the subject of particular field 
sports 1 but something more complete than any of these works was required — 
lomething that should enable a sportsman of one class to nnderstand and enjoy 
tbe sports of another class— something that should assist in giving perfection Co 
aU, by combining in one volume tbe knowledge peculiar to each. 

" Tbe plan of (be work is to give tbe fullest information relating to every 
particular sport. It has, therefore, been formed into ip^nd divisions ; such, for 
instance, as that of HitNtInB, witli snbdivisioni, giving descriptions of tbe 
creatures banted and tbe creatures used to bant them, and of the means of 
rearing, preserving, and employing both. In this manner each particular division 
has been connected with the other so as to form a oataral history of tbe animals 
in any way the objects or tbe iostrumenta of the chase ; and where artificial 
means have been employed in the sport, the division also comprebenda the ma- 
cbBnical and chemical knowledge requisite for applying them in tlie best manner. 
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The Emne ponrse haa been pursued with respect tn (he other divisioni of 
H.\wKiNC, Coursing, Fishtno, &c. The history of each Bport has hecngivtm ; 
its progress to its present degree of perfection hai been dejcrit)«il, or its e''"''nfl 
decay traced. 

" In Kitting up 1 work so extensive and Tarinug in iti nature, it became neces- 
sary to seek far the aEsistance of many gentlemen who had cojoyed peculiar 
soureea of information on particular subjects. It ia with the greatest pleasure 
that the publishers are able to say that snch assistance haa been itfforded in the 
moat rendy and handsome manner. To Mr. Powell Buxton they are indebted 
for a fall Recount of the Capercaltie, or great cock of the woods ; to the Hon. 
aud KeT. Charles Bathurst, for assistance in composing a scientific history of 
Hawking ; and to Mr. Dowling, for a cnrions and interesting history of Boiing. 
Mr. Bowness has communicated some very valuable information on the manufticturo 
of artificial baits, and on other subjects of great practical importance to the angler. 

" The work now published ia the first of its kind ; and the publishers can 
only eiprcsB a sincere wish that it may be found fiilly to answer the description 
which its name conveys. They have spared neither puns nor expense to achieve 
this object ; and they feel consideraljle confidence that their hopes will not be 
diHuppointed, when they remember tliat the whole work is the reanlt of above 
seven years' ludeMigablc labour of the experienced author, whose profes^onal 
knowledge of horses and dogs, and personal acquaintance with every subject 
connected with sporting, render b'"i espeoially qoaliGed for the Dndertaking," 

" Here the yonng may learn the various arts connected with the varied sports 
of the flood and field, and the learned may banyuet upon his experience in the 
details which are given of extraordinary feats in every department of sport. The 
entertainment of the volume is, moreover, mixed up with the sinentific objects 
connected with the general subject, so that the work is a desidoratnm to the 
natural philosopher as welt as to the mere sportsman." — Eha. 

" As a ' Snorting Library,' in whioh all that the sportsman can desire, what- 
ever may be liia pursuit, it is treated with scientific and practical acutencss. The 
book is invaluable, and belongs to a class which will no doubt endure beyond tiie 
age in which we live. The publishers well deserve the gratitude of the public for 
the liberal enterprise with which they have undertaken a series of Encycloptedios, 
which, like this, embrace sn much in a small compRSB, and at comparatively to 
small a charge." — Ball's Life in LoKnoH. 



GEOGRAPML, STATISTICAL, 



akd historical, 



BY J. R. M'CULLOCH, ESQ. 

iw publishing, in Monthly Parts, price Ss. each. lUustrated with Maps. 
Parts I. to VII. of this work have been already jmbliahed. 



We subjoin ai 



;t from the Prospectus, illustra 
compiled. 



if tbe object of the work, 



odJ the principles 

" But how useful and important soever, we believe it will be pretty generally 
admitted that the greater number of these publications (Geographical Dictionaries) 
that have hitherto appeared in this country, have not been ofa kind to inspire confi- 
dence. The authors have seldom referred to the sources whence their statements 
were derived; so that Che reader has nothing better to trust to, than the authority of, 
perhaps, an anonymoui compiler ; at tbe same time that he is deprived of the 
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means of readilj yeriijing his facts, or of referring to the origlnnl antlioritiea far 
further infonnstion. These works bave mostly aleo boen compiled either on too 
contmcled or too ejitcnsive a plui ; so that while, in the one case, the reader was 
frequently nut supplied nith important information, in the other, the book boctune 
at ouCB too bulky, costly, and inuauvenient. Another defect by which most 
Geographical Dictionaries pnblished in Great Britain have been characterized, is 
the disproportioDed aiie of the parts, or (he preponderance given to minor articles 
and uninteresting topics, while those having reference to great couutries. Or im- 
portant places nr subjects, have often been reduced in a more than corresponding 
degree. It is difficult, indeed, to hinder the descriptions of towns ia a Oeogra- 
phical Dictionary frora extending beyond their fair proportion of the work ; hnt 
still they may be confined vrithln reasonable limits, and without displaying the 
glaring anomaly of a capital city, for example, occupying o greater space than that 
of the country in which it is situated. 

" Dnring the compilation of the Commercial Dictionary, the author of this 
work having had occasion to refer to a good many Geographical Dictionaries, it 
occurred to him that be might, perhaps, he able to produce one that should be 
more generally accurate and useful. 'Iliia, however, would not have beenenoagh. 
The improved state of geographical knowledge, and the increasing relationa of 
this country with others, required tliat any work aspiring to the character of a 
book of rciereiice, shquid be wholly drawn up hoai origlmil sources, and rendered 
as autlienUc and instructive as possible. 

" Being intended for the especial use of Englishmen, we have dwelt at 
greatest length on those articles, and on those parts of articles, we thought 
most likely to interest them. Hence we have appropriated a much larger 
space to articles connected with our Eastern possessions, and our colonies in 
different ports of the world, than they may appear, on other grounds, properly 
entiUed to. On the same principle, we ha»e lengthened the accounts of those 
countries and places with vthicli our countrymen have the greatest intercourse, or 
which have acquired celebrity by the historical asaOiUBtiuna connected with thetii ; 
and have proportionally shortened the Others. 

" Without ueglecting the physical geography ot the different coontries and 
places, we have directed our principal attention to their industry, iiistituHons, 
and the conditions of their inhabitants. Neither have we attempted to confiDe 
ourselves within what might, perhaps, be called the limits of a strictly Geogra- 
phical and Statistical work. Wherever the occasion seemed to justify it, we have 
not scrupled to commend and censure, as well as to describe ; and have endea- 
voured to appreciate the influence of institutions and habits on national wellare. 
The historical notices are necessarily very brief, and are, unless in the more 
important articles, mostly restricted to an enumeration at leading events, 

" Our object being ta supply a work of easy reference to the pubEc at large, 
we imve, in general, given our notices of countries and places under the names by 
which they are raoat commonly known in England. This does not involve any 
want of scientific precision ; though if it did, it would be more than conntcrvaCcd 
by its being better adapted to the public use. Among tiic many thouamds who 
might wish, for example, to acquire some information respecting the present state 
of the Dead Sea, there are not, perhaps, as many dozens who would think of 
seeking far it under the bead Bahr-et-lnu!, the Arabic name for that famous sea. 

" It did not enter into our plan to notice countries or places as they existed in 
antiquity. But, wherever we thought that lucb notices would be likely to interest 
the general reader, we have not hcjatatcd to intmdnce them. Our object, in fact, 
was not so much to compile a dictionary on strictly scientific prinoiptes, and that 
should be perfectly homogeneons in its parts, as to produce one tiist might be 
rehed on, that should omit few articles of impoitaace, and that ordinary readers 
ghould find generally interesting. 

" None can be more fully satisfied than we are of the great difficulty of accom- 
plisfaiiig even this much. In a work embracing so great a variety of statements 
OS to matters in regard to which it is frequently M but impassible to acquire 
correct information, perfect accuracy need not be looked for. But we can 
honestly say that we have spared no pains to make our work worthy of the 
reader's confidence ; and would fain hope that the errors that may be delected in 
it are not such as sensibly to detract from its utility." 
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A DICTION Any, 

PBACriCAL, THEOBETICiX, AKD HISTORICAL, OF 

COMMERCE&COMM^MVMTION. 

BY J. R. M'CDLLOCH, ESQ. 

Illustrate J with Mapa ondFUna. SOs. boards. 

A new edition hsn just been published, with a new nnd enlarged Supplement, 
bringing down the ioforouLtion contained in the work to January 1840. 

In tbia Edition bQ the more impartunt returns and scconnta as to the Trade, 
NiviOATioN, and CovscMPTION of this and other countries, have been brought 
down to the latest period. In some instances, too, the form of the retncns bss 
been changed, and new ones, drawn up On a more comprehensive plan, and em- 
bracing yarious additional particulars, have been substituted for those previously 
Bmlmdied in the vorli, In illustratioo of this the reader is referred to the tables 
now giren onder the articles Iufohtb and Exports : they will, it is belieced, be 
found to contain, within a brief apace, tbe completeat view hitherto laid before 
the public of the recent trade of the Britiab Empire. A few new articlee have 
also been inserted ; among which may be apecilied those on Bombay, Malta, Sic. 

The present Supplement has beeogrcatlf enlarged, and, it is hoped, materiallj 
improved. It contmns as much matter as would fill, if printed with typea of a 
medium dze, a large octavo volume, and embraces a good deal of important in- 
formation not elsewhere ta be met with. We can assure the reader that neither 
Inlxiur nor expense has been spared to render it instructive and trustworthy. It 
embodies tbe substance of tbe former Supplements, and has, among others, ardclee 
on the following subjccta, viK. : — 



a Nsw COHHEB- 



Ihe United atalea' 



prisinB a full Accunnt of the Foreifrn 
¥1™!* of (he Unitert Kingdom dnring 
Ihe Ten VearB ending with IS3S, with 
Remarltg on Ibe pruliilile consequences 
of Foreign Competilion, 81c 






TBI Bbitibu Tabif*. 



SoEar, lie. 

ilOHHBKClAL TsEATt W 

with Notices of Civita V 
Guayaquil, Port Lamar 
Moulmein, Rostock, ^c. 



" It has been the wiah of the author and publishers of this work, that it 
should be as extensively useful as possible. If they lie not deceived m their ci- 
pectations, it may be advantageously employed as a sort of vaiU iiwcufti, by mer- 
chants, traders, ship-owners, and ship-masters, in conducting the details of their 
respective businesses. It is hoped, however, that this object has be«n attained 
without omitting the consideration of any topic, incident to the subject, that 
Bdcmed calculated to moke the book generally eerviceablei and to recommend it to 
the attention of all classes. 

" Had our object been merely to consider Commerce as a science, or to in- 
vestigate its principles, we should not have adopted the form of a Dictionary. Bnt 
Commerce ianota science only, bnt also an url of the utmost practical importance, 
and in the prosecntion of which a very large proportion of the population of every 
dviluied country is actively engaged. Hence, to be generally useful, a work ~ 
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Commerce aliould combine practice, theory, uid liistorf. Differeat readers nxaj 
resort to it Tor different pnrgjOBSB i and every one shouli) be Bble to find id it ulenT 
aiid accurate inTortaBtiun, whether hia ohject be to make himself futuiliur witli 
detotla, to acijmre a kaovledge of principles, or to leom the revolutJooB (hnt 
baye taken place in the various dejiartiueals of trade. 

" Our object being to describe srticleB in the state in which they are offered 
for sale, we have not entered, except where it was neceSBury to give precision or 
clearness to their description, into any details as to the processes followed In Iheir 
manufacture. 

" Aware that, in a work of this nature, accuracy in mitteraof fact ia of primary 
importance, the authority on which any statement is made is invariably quoted. 
Eicept, too, in the case of hooks in ever; one's hands, or DicCioaaries, the jiage 
or chapter of every work rehired to is generally specified, experience having 
tangbt us that the convenient practice of stringing together a list of authorities at 
tbe end of an article, is much ofteoer a cloak for igaoraoce than an evidence of 
research." 

-.* The Sdpflbmbnt, containing excellent Maps of the completed and pro. 
posed Canals, Railways, &c. of Great Briuun and Ireland, and of the British 
Possessions in North America, tnay be had sepurately, price Ss. 

A DICTIONARY OF 

ARTSJIAMACTUBEUMiES; 

Containing a cliar Exjiosition of tlicir Principles and Practice. 

BY ANDREW URE, 

M.D. P.R.S. M.G.S. &c. 
New Edition, illustrated with 1,211 Engravings on Wood, 50s. cloth, lettered. 

The following ore the objects which the author has endeavoured to accom- 
plish :— 

First — To instmct the msnoiiieCurer, metallnrgist. and tradesman, in the 
principles of their reajioctive processes, so as to render them in reality the mas- 
ters of their busiuess, and to emancipate them from a slate of bondage to ojiera- 
tives — too commonly the slaves of blind prejudice and vicious routine. 

SecondlJ — To afford to merchants, brokers, drysaltera, druggists, and officers 
of the revenue, oharacteristic descriptions of the commodildes which pass through 



Fourthly— To teach capitalists, who may be deairons of placing tlidr funds in 
some productive branch of industry, to select judiciously among plansiblecliuntanta. 

Fifthly — To enable geutletaen of the law to became well acqniunted with 
the nature of those patent schemes which are so apt to give riae to litigation. 

Sixthly — To present to our legislators such n clear expoaition of our ataple 
manufacturea, aa may dissuade tliem from enacting laws which obatruct induatiy, 
or cherish one branch of it to the injury of many others. 

And lastly— To give the general reader, intent chiefly on intellectuni cul- 
tivation, a view of many of the nobleat achieiemcnta of Science, in effecting 
thoac grand transformations of matter to which Great Britain owes her para, 
mount wealth, rank, and power, among the kingdoms. 



" We do not know any one iudividoal whose name wonld fiirnish a better 
guarantee for the scieatilic and practical character of a Dictionary of the Arts, 
Mauufactures, and Mines, of Great Britain, than Dr. Ure. We say any one 
individual, because, «heu wd lirst opened the early numbers of tbe work, we felt 
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diaposed to cavil at tho eiecution of Tarionfl portions, which might here been 
more profoundlj' and practically handled ; but on following up our eiamination, 
aa the auccesEive numbera base reached us, we hare arrived at the conviction that 
there ie more orij^nal, valQable, and new matter in thia volume, than we have 
ever seen in any work of a similar character. We know men who could have 
ivrtttea better articlea on spedtic subjects than Dr. Ure has dooe ; but we know 
no man who could have written equally well on all. 

" Dr. Ure wag first knowa as the Chemical ProfesFor of the Anderaoniaa XTni- 
versily at Glasgow. Thore he became dbtinguished by hia original resenrcheB in 
chemical science, and intimately associated with the progress and improvemCDt 
of the arts aud maun&cturea of the eatensive inanufiicturing districts around the 
city. Thus early acqu^ted with the chenucal arts, and inatrumental in their 
advancement, Dr. Ure haa ever since been engaged in developing their progress 
through the agency of the press ; and has acquir«l that power of dear and coucise 
description and explanation, which familiarity r-ilh the subject and experience in 
itlostrating it can alone confer. The author and his subject hove grown together 
into maturity and ioipottonce i Betting out with a atore of theoretical science, a 
wide range of subsequent and varied riperience has given to him that practical 
knowledge of facts and circumstances, by irhich alone science can be Judicioasly 
and efTi^iialty applied to the arts. These circomstances are exactly aoch aa are 
most suited tu claim conddence for the present work, and insQre the means of 
deserving it, 

" The work itself ia of a nature calculated to confer upon the arts and manu- 
factures of the country beneGta of two descriptions — to improve the condition 
of all the manufactures, hy ninltijig known to each manu^turer not only the best 
means of producing his articles as practised in this country, and the principles of 
his varioua processes, but, by pladng beside these the processes followed in other 
countries, to enable him to incorporate into his own system the economical or 
mechanical Improvements of other nationo. It ia fiirther well known to the atn. 
dent of tlie practical arts, that there eiista among the practical artiata and manu- 
facturers of this country, a vast accumuladon of important facta of observation 
and valuable trutha of inductioa laboriously gathered during Urea — and, it may 
be, generations — of induatrians activity, whidi sdU floats about in the thoughts 
and verbal communications of lUiteracy — not to Bay illiterate men, which it is of 
importance to unite, and fix In a systematic aggregate of what iB called practical 
science, and which might otherwise come, in the changea of procedure, to be for- 
gotten by all, or remain for ever only knovm to few ; hut which le, by stica a 



HB HcscDM, to be preserved and brought out at another epoch 
I of a future generation, and TO EXHIBIT to all tbe know- 
LEnoB OF A raw. In every point of view, a work hke the present is to t>e 
regarded as a benejit done to theoretical science, to commerce and industry, and 
an important addition to a apecics of literature, the exclusive production of the 
preaent century, and our present atalo of peace and oiviliiation. 

" Though we have thought it our duty, considering the importance of such a 
work to this manufacturing country, to gioint out where a little more care or a 
little less Belf-DOnfideuce would have enabled Dr. Ure to avoid error and improve 
the work in some of its details, we sincerely desire to give him all the praise he 
so unquestionably deserves for the energy, the ability, and the success with which 
he haa gone through hia Liborioua duty ; for we consider the work, aa a whole, a 
great boon to the British manufacturing pablic." — Athenjihu. 

' ' We cannot well conceive a more perfect work of its kind ; to the profession- 
ally practical man it cannot fail to be useful in the highest degree— bnl to the 
amateur or half-instructed theorist, upon the subjects of which it treats, it is a 
moat delightful book." — Jobn Bull. 

" Together with the valuable Coumkiiciai.Dictionabt of Mb. IH'Cdllocb, 
it will supply tbe merchant and manufacturer with the fullest statistics of 
commerce, and tbe most accurate scientific and practical knowledge applicable 
to manufacturea and commerce, in their present condition and prospective cana- 
bililies. The work ahoutd lie on the deak of every counting-house and 
in the kingdom, aide by side with the Dictionary of Commerce." 

Glasgow Chrd> 
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ENCYCLOPEDIA OP 

GEOGRAPHY; 



A ComplelQ Description of the Earth, eshiblling ils Relaiion to the 
Hearenly Bodies, ils Physical Sinicture, the Natural Hislorv of 
eai^h Comiuy, and thy In<iu»try, Commeii:e, I'uliliuil lustiliilioiia, 
and Civil and Sodal Slalo of all Nations. 

BY HUGH MURRAY, 

F.R.S.E. : 

Asdrted In Abtbonoity, &o. bj Prof. Wsllace ; Obolohv, &c. by Prof. JamcEon ; 
BoTANT, &c, by Sir W. J. Hooker i Zooloqy, &o. by W, Swainaon, E»q. 

New EditiOD, broogbt dowa to 1840, with 82 Hapi, drewo by Sidney Hall, 
and npwards of 1,000 other Engniyinga on Wood, from Drawings by Swunron, 
T. Lsjidaeer, Sowerby, Strutt, Ald., representing: the most rpmarliBble objects 
or Nature nod Art in every Region of lbs Globe. Containing apwardg of 
1,500 pages. eOs. cloth lettered. 



The faTonrable reception experienced by this work has encouraged the Proprietors 
and Editor to use the uhnoat ciertion in its further improvement. Defects iu bo 
eitensive and various a Bubjett were Decessaiily to be anticipated, bnl these have 
been 80 carefully corrected through the Editor's own researches, and soggestions 
made from vaiioua quarters, that the work can now be oRered to the pnbLic with 
greatly increased confidence. Room has been also found for very ample additions. 
Even during the abort iotcrvalaince it first appeared, important cliangee have tdken 
place throughout the world. The States of Europe and America have made re- 
markable advan«9 in industry, commeree, and the means of eommnnication ; new 
enumerations of the people have been made in France, Pmssia, Denmark, Greece, 
end other countries. The British Settlements and Colonies, in both hemispheres, 
have undergone great vicissitudes ; several new and considerable ones have been 
founded- Discoveries have been made m hitherto unknown regions, particularly 
North America and Australia. Moreover, new and ample sources of information 
have been opened in the Reports of Parliamentary Committees, the Tables 
published by the Board of IVade, the TransactiouB of the Geographical and 
Statistical Societies, Mr. M'CuUoch's valuable account of the British empire; 
finally, in the narratives of Back, Simpaon, Laird, Mitchell, and other eminent 
ciplorers. The information drawn from these various sources respecting so many 
important objects, baa been diligently incorporated into the present edition, which 
is thns rendered, particularly in the leading branches of Statistics and Commerce, 
very nearly a new work. Among departments almost entirely written anew may 
be mentioned the commerce, industry, &c. of the United Em|iire, British 
America, the United States, the Australian Colonies, and New Zealand. A full 
view has been given of the East Indian arrangements nnder the new Charter, of 
the alterations made in the intercourse with China, and also of those produced in 
the British West Indies by Slave emancipation. Recent materials have been 
employed in illustrating the countries to the East of Europe, inelnding Circassia 
and the Caucasus. The maps have been carefully adjusted to the advanced state 
of knowledge ; and new ones have been added of Australia and New Zealand. No 
pmns have thus been spared to render this the most complete summary of an im- 
portant braii«h of knowledge wbudi is at present acceEnble to the British public. 

The Maps, which are so numerous as to form a completa Atlas, bava been 
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executed from drawinf^a by Hall ; BnU hsTlog bera lairefully reeised b; the Editor, 
thej will, it in hoped, he found to be Bccurate, and tu include all the mngt recent 
discoyeries. NutwithsCanding the Bmsllnesa of the 
the letter-preBs in a imaoner which etiahlei them ti 
with others of much larger dimension). 

The other Wood Engravings are rooatly original, and have been carefully 
selected from the most futhful representations of the objects described ; and they 
are executed in the best Btjrie by the eminent Hrtiats whose iiames appear on the 
title-page. They e^ihibit tbe mint remarkable plants and animals, the chief cities, 
public buildii^, natural curioutiee, and pictnrcsqne KL-enery, with the characteristic 
figures and costumes of the natives in the countries deecribed. It is bcUered 
that no work of this kind ia aimilarly embdhsbcd, at least to nearly the Eame 
estent. These representationa are by no means introduced fur the sake of mere 
ornament! tbey will be found of the greatest utility, conveying an infinitely belter 
idea of the objects than could be derived from the most laboured descriptiun. 

" It ia without a rival." — AaiATic Jodbnal. 

" Tlie most jierfect book on its subject."— Atlas, 

" One of the most learned, accurate, and entertaining works on geography." 



" Its information is dngularly full and minute, and its scope generally so ample, 
that no subject of the smallest interEst connected witli the various regions of the . 
earth is left untouched. It is unquestionably the first of its class. 1^ very neat 
and correct vpod-cuta by which the written dcscriptjons of places and things arc 
illuBtrated, greatly enliance the value of the work, by their giving to the impremdons 
desired to be made on the reader, all the vividneas and accuracy which it is 
possible to convey through any merely artificial medium," — Scotsman. 



AN ESCYc:Lor.EDrA OF 

GARDENING; 



The Tlieoiy and Pntulico of Horticulture, Floriculture, Arbin'icuUure, 
and LnudBL-ape Gurdeniug, including al\ tlie latest improvementn, a 
General History of Gardening in all Cctuntries, and a Slatialical 
View of its Present Stale, with Suggeations for iis Future Progress 
in the British Isles. 

BY J. C. LOUDON, 

F.L.S. H.S. &o. &c. 

Eogravingt OD 

:o present, in onesystematic view, the History 
II countries, and its Theory and Practice in 
Great Britain. Under the term Gardening, we include Horticulture, or al! that 
relates to the kitchen-garden and the orchard ; Floriculture, or all that relates to 
the flower -gardcii, the botanic garden, tlie shrubbery, and tlie culture of flowers 
and ornamental shrubs and trees ; Arboriculture, or the fomnation of useful and 
ornamental plontatioiu, and the culture of the most valuable timber trEes ; and 
Landscape Gardening, or the art of laying out grounds. 

" No gardening book so comprehensive, and containing such an immense masB 
of matter, baa ever been submitted to the public more free from error of the pen 
or the press." — Momtblv Rkvikw. 
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Also, b; Mr. Loud on, 



AN ENCYCLOPEDIA 



AGRICULTURE; 



The Theory and Practice of the Valuation, Transfev, Laying out, 
Imiffovement, and Management of Landed Properly, and tlie 
Cultivation and Economy of the Animal and Vegetable Produc- 
tions of Agriculture, incUiding the latest Improvements, a General 
History of Agriculture in all Coimtries, and a, Slatiatical View of its 
Present State, with Suggestions for its Future Progress in tlie 
British Isles. 

With nearly 1,300 Engravinga on Wood, Third Edition, with a Supplbuent, 

coatainiug all the recent ImproiementB. bOe. Imarda, 
This worlc, which is termed an Encvclop^dia op AomcnLTURe on acooont of 
its superior eomprehensiveaees, though in pikrt an origimil composition froni the 
author's practical eiperience and ohserration, ia jet chiefly a compiladon froi 
books. It profegsee to embrace every jiart of the subject; and, nhat baa hitherto 
never been attempted, to give a General History of Agriculture in all Countries, 
and a condensed Bnrvey of its present state in every county of the British Isles. 
A systematic arrangemeat is adopted as by far the best for instruction, and also 
as best admitting of campieadoa. At the same time, a copious general Index is 
supplied, to reader the itbole work of the easiest access as a book of reference. 
So much informstioa as is here given could only lie compressed into one volumo 
by the use of a small type, and by the liberal employment of Engravings. By 
means of the latter, much verbal description is avoided ; a knowledge of imple- 
menta and operations is more forcibly conveyed to the reader ; and such a body 
of useful informatioQ is brought together, as, by the system of detached copper- 
plate Engravings, would have occupied half n dozen volumes. 

Throughout this work, the following objects have bean kept in view ; in Part 1. 
to depict what may be termed Univerasl Agriculture, by giving an Historical 
View of that of all Countries ; in Part II. to eihibjt the principles on which the 
operations and the results of the Agriculture of all countries are foanded ; and in 
Parts III. and IV. to apply tbese principles to that particular Agriculture which 
is practised in Britain, and adapted to similar climates. 

" OneoftJiem 
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AN ENCVCLOP^DIA OF 

PLAJJS; 

The Description, Specific Ciioraclcr, Cullure, History, Application 
in llie Aria, and every otlier desimble pailkulnr respecting all tlie 
Plants Indigenous to. Cultivated in, or introduced into, Brilain ; 
conibinbg all tlie advantages of a Liiuiasan and Jussioucan 8]>Qc)eH 
rianlainiin, on Mistoiia Plimtanun, a Gi'ainmar of Botany, and a Dic- 
lionaiy of Botany aiul Vegetable Culture. The whole in English, 
with the Synonymes of the commoner Plants in the different Euro- 
pean and other languages ; the scientilic names accentuated, their 
etymology explained; the Classes, Orders, and Botanic Terms 
illuslntted by engravings; and wiih Figures of nearly 10,000 
sjieciea, exemidifyiug several Individuab belonging lo every genus 
included in tlic work. 

BBITED BY 

J. C. LOUDON, 

r.L.S. H.S. &c. : 
The Specific Charactera by PaoFBsaoR Lindlby i the Drawings hy J, D. C. 
SowBHHv, F. L. S. i and the EogriLvings hy K. Branstdm. 
SacDQil Edition, corrected, 3'. 13:. Gi. 
In this EncyclopEcdia Bre indaded all the indigeiioiu, cuUiTnted, and exotic 
Plants which are naw found in, or have been introdneed into, Britain. The 
object of the work is to give a Natural History of these Plants, accompanied by 
snch descriptions, engraved iignres, and elementary details, as shall Eoable a 
beginner, who is a mere English reader, to disi^oier the name of every Plant which 
he may find in flower, refer it to i(a proper place, both in the Natural and Arti- 
ficial Systems of CiassificaUon, and acquire all the information respecting [t 
which is useful or interesting. 

" The most useful and popular botanical work that has ever appeared in tbc 
English language.'' — Jamksoh's Puilosophical JouBJiAL. 

HORTUS MTAMICUS : 

A Catalogue of all ihc Planls Indigenous to. Cultivated in, or lulio- 
duced into, Britain. 

J. C. LOUDON, 

P.L.S. &o. 

Third Edition, witli Supplenienta, and anew Genei'al Index to the 

whole Work. Price II. IIj. 6d. 

The new Supplement, including all the Plants inCrodiicod into Britain, 

all Uieiiowly discovered British Species and all iJio kinds uri{;inaledin 
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IJrilish Gardens, up to March, 1839, with a new General Index 
to the whole Work, including all the Siijipleinenfs, prepared by 
W. H. Baxt«r, Jiin., under the direction of J. C. I^udon, and 
revised by Gcoi^e Don, F.L.S., may be had separately, piice 8s, 

Fah.t I, The LinniEBD Arracgement, in whicb nearly 30,000 species are intro- 
dnced, with the ajBtcmatic aame and authority, aeeantnation, derlTation of 
generic name, literal English or Bpeciflc names, Bynonymes, syBtemstic and 
Enghsh, of hotb genera and Bpedes, lialiit, Imbitaticm in the garden, iDdigeDOns 
habitation, papular character, height, time of flowering, colour of tlie flower, 
mode of propagation, soil, native country, year of introduction, and reference to 
ligiiree, preceded by an introduction to Che Lioniean System. 

Paht II. The Juaaieueon Arrangement of nearly 4,000 genera, with an Intro- 
duction to the Natural Syatem, and a general description and history of each order. 

" The beauty of its type, the eiceUent arranBement of its matter, the vast 
quantity of oseM gardening information that it cnntaias, and Che careful applica- 
tion of the BQundest principles of orthography and etymology to the accentuation 
and termination of the systematic names, give it a ditim to be cousidered a classical 
worli in the literature of gardening." — Edwards's Botanical Registeh. 

" We cannot close our brief noUee without observing that the ' Hortus Bri- 
Cannicus' ought to be in the haode of every practical gardener in the United 
Kingdom." — New Monthly Magazine. 



THE ENCYCLOP-EDIA OF 

COTTAGE, FARM, & VnXA 

ARCHITECTURE. 

Wilh about 1,100 pages of Letter|>resa, aiid upwarda of 2,000 Wood 
Engravings; embracing designs of Cottages, Fann Houses, Far- 
meries, Villas, Comitry Inns, Public Houses, Parochial Schools, 
&c. ; including the interior Finishings and Furniture; accompanied 
by Analytical and Critical Remarks illustrative of the Principles of 
Architectmal Science and Taste, on which the Designs for Dwellings 
are composed, and of Landscape Gardening, with reference to their 
Accompaniments. 

BY J. C. LOUDON, 

F.L.S. ate. 
New Edition, corrected, with above 100 of the Plates re-engroved, price £3. 
The main object of this work is to improve the Dwellings of the great mass 
of Society in the temperate regions of both hemispheres ; a secouclary object is, 
to produce a work at once scientific and popular, upon a subject which has been 
hitherto treated in a manner calculated rather to repel Chan to invite the general 
reader j and a third object is, to render Domestic Architecture and Furniture a 
study fit for Ladies. 

" From the commencement of the present century, a number of worltB on 
omaiuental cottages, rural villas, and other country dwellinga, have been pub- 
lished, and have greatly increased the architectural taste of country gentlemen 
and retired citizens. One of the best of these is Loudon's ' Encyclopiedia of 
Cottage, Farm, and Villa Architecture and FomiCure ; than which, we bdieve, no 
single wor1< has ever efliMrtied so much good in improving the arrangement and 
the external appearauce of country dwellings generally." — Times. 
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A DICTIONARY OF 

PRINTING. 

BY WILLIAM SAVAGE, 

Author of " Practical Hints on Decorative Printing," and a Treatise " On the 

Preparation of Printing Inlt, both Black and Coloured." 

No9. 1 lo 5, la. Gd. each. 

*,* The present number (No. 5) cont^uns, among other interestmg matter, a 

full account of the new imention — the Electrotype— with impreaaiona from the 

Electrotype plates, printed aide by side with impressions from the original wood 

engravings; and olao a page of letterpress printed from an Electrotype plate. 

Among the other contents will be fbund, Danish, Etmscan, and Ethiopian 

Alphabets, with Obscrrations ; Printing Engravings on Wood ; DiviBioa of 

Words; and Pine Press Work. 

The Work will conUin— 

Thi; whole of the Practice of Printing, as now carried on in (he principal Ofllcea in 

the MetropDlia, iDcladins Composine in all Iti AetailH : Krsdin^, with the Duties of 

n JtMrtrr; llitManiMteineBtofa Printing Office, with the depaitnient of™ Orerwer; 

the Press Department, including Common PreaswDrl!, Fine Preaswork, printing 

Engravings on Wood. printing in CaloorSi Machine or Cylindrical Priuliug; the 

routine oTttie Warehonae Department. 

An increunl nnmber of Tables of Impoaition, with great csre beslowed to make 

"" '""" ' ' "sv^LnckoiiXe'i H,^ J^"^'^^'! W- Johnson's 57, Hansard-r'ei, 

Prestnork. 

ratters vary from the Roman ilmt are in 
ible, with Plana of Cases for many of Ibem. 



a Tables of ti 
The Caiting-op of Bookwork and Jobs. The Pricei of Compoting and 

Tables of Stgnalurea. Tables for giving oat Paper. 
Alphabets of all (lie Lsaguagea wbose ckaraiters vsry fromjhe Bomi 



npious List of Abbreviations, with the words at length. 

List of Contractions in Domesday Book, and in the published Itecoi 

cient Laws and Cnsloms In the Printing Business. 



with the Abbreviations by which they are referred to. 
Bible Orthography ; being a List of every Word in the Authorised Vi 

in its Spelling iVam Johnson's Dictionary, 
The new Fominlary of Cben ■ 



ing those in which Prii; 

With a large mass of other InformaUon, which, it is presumed, will make it 
highly Qseful as a Book of Reference to every person connected with Printing, 
the Author's Intention being to give to the public an original work on the practice 
of Printing at the present day, chiefly derived from his own eiperienco of forty- 
five jenra la the metropolis, during which period he executed some of the flne«t 
works that ever issued from the English Press. 

By this sketch it will be perceived, that it is not intended to enter into a 
history of the art, but to confine the subject entirely to the practice. The work 
will be comprised in 11 Nnmbers, if possihle. 

"Contains a vast store of information; and we donht not, as the work progresses. It 
will I* found of ihe grestesl use, not only lo lypographera, bul to all connected with the 
production of books, from the author down to Ibe tiumbleit reading boy i while, as ■ 
work of general information, its pages will he (Ound crowded with useful malerii not 

......... P . _..,. .. ..... ■■—sfBTROrollTAK MAOAilBB. 
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A DICTIONARY OF 

PHACTICAl MDlCIl ; 

Gpneral Talhology, ihe Nature and Trpnlaicnt of Disonsps, Morbid 
Structurea, and the Disorders especially intidental to Climates, to 
llie Sex, and to the different Epochs of Life, with niinieroiia ap- 
proved Formulffi of lie Medicines recommended. 

BY JAMES COPLAND, M.D., 

Consulting Physician to Queen Charlotte's Lying-in Hospital ; Senior Phyflician 

to tlie Royal lolirmary for Chiidren ; Member of the Royal College of Phy. 

sieiHDs, London ; of the Medical and Chirurgical Societies of London and 

BerUn, &c. 
This work ia now in conrse of pnblication in Parta, of which rix have appeared. 
It will contain, in an abstract and condensed, yet comprebenBive, form, the 
opinions and practice of tbe most experienced writers, British and Foreign, bo 
digested and wroogbt np with the results of the Aathoi's practice, that tlie 
Student and Young Fmctitioner will not be bewildered in the diversity of the 
opiniona and facts adduced for their ingtmction, but be guided in the difficult 
path on which they have entered, and enabled, with a due exercise of their powers 
of observstion and discrimination, to arrire at just conclusions and succesBJiil 
practical results. To tbe experienced Practitioner, also, the Work will preeenl a 
diversified range of opinions, methods of cure, and authorities, which his matured 
judgment will enable him to apply, in an appropriate manner, to pardcnlar cases. 
It will also comprise the complications and modilied states of Disease, which are 
even more frequently met with in practice, than those speciiie forms too often 
described by Nosologista as coustaut and unvarying tyiies, to which morbid 
actions, occurring under a great variety of drcumiitances, can nerer closely 
adhere. Wbea discussing the methods of Cure, Che Autlior has given Formula 
of the Medicines recommended, in the most efficient and approved forma of com- 
bination. He has likewise fiimisbed numerous References to the best Works and 
Treatises on the topics diacusacd in each article. 

In conclusion, the Work will contain the results of many years of laborious 
study and research, and of twenty years' extensive and diveraified experience. 



" We cannot allow this opportunity to pass fflthoQt hearing testimony to the 
extraordinary merits of the publication, and recommending it, m the strongeat 
terms, to the attention of our readers. Considered as the production of an 
individual, this work is one of the most extraordinary that has ever appeared, for 
its size, comprehensiveness, accoracy, and learning. It must remain an imperiah. 
able monument of his talents, learning, and industry." — Bhitish and Foseion 
MsnicAi. Review. 

" A work displaying lueh extraordinary extent of reading, and such deep and 
comprehensive reflection, as to demand a place in the library of every medical 
man." — Dn. Elliots on. 

" Though evincing learning of the highest kind, it is so perspicuous throughout, 
is so devoid of technicidities, and abonnda so much iu tbe most interesting 
matters, admirably arranged, that the well-informed reader and man of aoienee 
will derive the soundest intomiation from its pages — information both philo- 
sophical and practical, derived from the most approved sources in the most 
intellectual quarters of the globe, and from the author's own observations and 
reflections : and accumulated to on extent truly anriiriaing." — Liter arvGazettb. 

" Tbe immense quantity of matter which ia here compressed into a small space, 
must render the work a very popular one, more especially for those practitioners 
who reside in the country or travel abroad, on account of the facility of reference, 
and the portability of the Dictionary. Tbe labour is immense, and will stomp 
the author as a mou of great reaearch and sound judgment." — MEDlco-CuiauB- 



\ DICTIDNARY OF 



SCIEIE, LITERATURE, & ART. 

Thih work will contnm explanntiona of iniDit terme Dsed io conversntion and in 
flcieotific and literary dibcussions, with short ehstracta of the principles of the 
niDgl: iiopular and important departments of Science and Art, and notices of 
Iheir rise, progreafl, and present state. It is intended, in fact, that it should 
serve as a convenient Manual, or Reference Book, for all descriptions of persona. 
In pursuance oF this object, the greatest pains hare been taken to insure its act^a- 
racj, and to render it as complete and inetnictive as ita limits will admit ; and it 
is confidently expected that it will be fbund useful, not merely to general readers 
and gentlemen engaged in the ordinary boaiueBS of life, but to those baring ac- 
cess and leisure to refer to more eitensive depoBitoriea of human knowledge. 

PROFESSOR BRANDE 

II the Editor of this work, end andertakes the department of Chemistry, and 
all branches of Natural Plulosopby connected with it. The fuUowing Geutle- 
loen are also engaged in the work i — 
T. Gallowat, Esq. in Astronomy, Mechanics, and all branohes of Physics 
dependent on Mathematical Principles ; — JoskpH Owii-T, Esq. in Archi- 
tecture, Mnsic, and the Fine Arts i — Dr. Lindley, in Botany j — J. C. 
LocnoN, Esq. in Agriculture and Gardening ;— J. R. M'Chlloch, Esq. in 
PoliCical Economy ; and the same gentleman and Joseph Caotih, Esq. in 
General Litoratnrs; — HeuuAN Mebivalb, Esq. in Law; — En. OwBH, 
■ Esq. ia Comparative Anatomy and General Zodogy. 



AN ESCVCLOr.EDU OF 

ARCHITECITJRE, 

HISTORICAL, THEORETICAL, AND PRACTICAL. 

DIuBtrated by several hundred Eogravinea on Wood, by Bransfon, from drawings 
of the most celebrated eiamples of Ancient and Modern Buildings, and DiagTams 
explanatory of tlio Theory and Practice of Modern Art. With an estensive 
Glossary of Terms. 

BY JOSEPH GWILT, F.S.A. 

This work is intended to form a cloBsioal and complete body of Architecture, 
Historical, Theoretical, and Practical, presented in such n form as will be most 
useful to the Student, and most interesting to eiery class of readers. 



AN ENCYCLOP.EDIA OF 

CM EN&IEERM, 

HISTORICAL, THEORETICAL, AKD PRACTICAL. 

BY EDWARD CRESY, F.A.S. C.E. 

IlloBtrated by several hundred Engravings on Wood, explanatory of the Princip 
Maciunery, and Coostmctions which come nnder the direction of tlie C 



* Stetral other Volutaes are in aolive preparatiot 
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PALMER'S 
EW CATALOGU] 



HUNDRED ENGRAVINGS OF APPARATUS, 



CHEMI3TRY, PNEUMATICS, FRICTIONAL & VOLTAIC ELECTRIClTr, ] 
ELECTRO MAGNETISM, OPTICS, Ice &c. 




, LABORATORIES FITTED UP ON A LARGE OB SMALL SCALE. 



, CAHNOH flTflEBT. 



1840. 

tlMtta at fttatitaert' Rail. 
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ADDRESS. 



E. PALMER, having at considerable expeiisp and truuble 
completed a new Catalogue, with 300 engravings of Clieuiical, 
Philosophical, and Optical luBtrnmentti, begs lo submit it to 
his Friends and the Public, ti'usliug, that as the diawings 
have beea made from the instruments themselves, it will bf 
fitund of great assistanee to those residing in tlic eouutr;, or 
abroad, who may favor him with their orders: at the same lime 
he begs to return his grateful acknowledgments to tliose who 
have hitherto favored his establishment with their support; 
also lo the Professors of Chemistry and Natural Pbilos<^hy, 
not only for their individual assistance, but for their kind 
recommendations ; and he trusts, that by continuing to manu- 
facture every article of the best workmanship, and on moderate 
terms, suitable for the Lecture Table or private investigations, 
to merit a continuance of their patronage. 

The instruments being made upon the premises, enables 
bim, in many instances to simplify Lbeir eonsti'uction, in order 
to suit, not only the ecicntiiic, but likewise! the mere tyro 
in science. 

To Schoolmasters and those engaged in the education of 
youth he begs to submit his Catalogue, and to solicit a 
continuation of their favors. 

Parents and guardians of youth, who feel desirous of pro- 
moting a taste for Chemistry and Natural Philosophy in the 
minds of the young, &oni seeing with what rapid strides those 
sciences are now advancing, and how necessary their acquaint- 
ance is to all, being so extensively employed in the arts 
and manufactures, will 6nd nothing promote their wishes nor 
their childrcu's pleasure more, than in selecting for their 
young friends an assortment of apparatus, whereby they tnay 
be able to follow up practically those experiments which they 
have seen at lectures, and read in the different introductory 
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All that is necessary for tliis purpose may now be bad for a 
very trifling cost, as an instance of nhich, E. P. begs to refer 
to pages 16 and 17, containing lists of different amounts, 
suitable for all ages. 

It is witli pleasure E. P. calls attention to many new and 
important discoveries recently made, particularly Mr.Speitcer'B, 
of the Electro-Type, or art of copying medals, engraved 
copper- plates, 5te., thereby affording an opportunity for ob- 
taining fac-simile impressions of scarce and valuable medals, 
and of multiplying copper-plates for printing, or giving ihe 
possessor an opportunity to obtain a beautiful copper-plale in 
relief, a thing that heretofore could not possibly have been 
done. 

Also the new, powerful, and simple Galvanic Batteiy, 
invented by Alfred Smee, Esq. The pleasure derived from 
experimenting with the Galvanic Battery bas, before the 
introduction of this, been destroyed, either by its being soon 
out of action, or when Ihe sustaining batteries have been used, 
by giving great trouble; but with this we possess a battery of 
immense and continuous power without the least trouble, 
nmther requiring bladders or porous pots, nor emitting fumes 
either dangerous or disagreable. 



N.B. — Laboratories fitted up on a large or small scale in 
Town or Country. Working Models of Steam Engines, all 
land of Machinery, and every description of Chemical and 
Philosophical Apparatus made to drawings. 

Country and Foreign Orders, enclosing a remittance, or 
order for payment in London, promptly attended to. 

Half price only can be allowed for returned packages, 
deducting all expense of carriage, and no allowance made for 
breakage, the greatest care being taken in packing. 
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Adapters, glass, for Retorts, from 2 

Air Jars, cut, per nest of sis 8 6 

Ditto larger 10 

Ditto, bell-shaped, for collecting the gasea, each from 10 
Ditto. . . .ditto with ground stoppers, for defla- 
grating 23, 6d., 3s. 3d., 4a., and upwards. 
Ditto. ditto. . . .mounted, with brass cap, for the re- 
ception of air-cocks and other apparatus, each, 
pint 4s,,. .quart £s. 
Ditto.... ditto.... graduated, from 3 6 



rule snil bladder, fur the 
reception of gaaei, from Us. 
Fig.!. 





Fig. a. 

Alembic*, glass, l-pinl 
10 two qunrU, from 5i. 

toaos. 

Ditto, euthen, from 3s. 



Fig. 1. 

Alkalimeters, each . . 



Bar, compound, consisting of two metals riveted together, 
for shewing the unequal enpanaion of metals b; heat, 

on stand 16 

Bars of Copper, Zinc, and Iron for precipitating metals 
from solutions, from 3d. each. 

Bladders, with ferrules from 2s. to 3 

Ditto, with stop-cocks from 53. to 6 6 

Blowpipes, common, each 6d. and 10 

Blonpipi^ Bergman 'a Improved, with 
Blowpipe, Wollaslon's, arranged in Condeniorand exu^ Jet 6a. Fig. 6. 

three piecea, lo endoie in each 
other foi the packet 6s.6d. Pig. 3. 



Fig. 3. ..^^ 
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Blowpipe, Black's 2s. Gd. Fig. i. 



Btoapipe, Pepy's,with moveable Jet-piM 
that it may be placed at anjr angle UM 



Blovpipe, tdf-scting, is 
bmss, wlita iliding 
Lamp^l. 10». 



E' : 
Blowpipes, Gurney's Oxy-Hydrogen from 30s. lo 2 
Ditto, Palmer's ditto 1 ! 
ThiiiDiDumentii 10 constructed that tbegBfea mix in j g>aze chsmber, slid toiemcdjr 
the dmga which may arise fiani iJic pressure bdag taken oiT oiu reservoiT and 
nol Ihe other, a vdve is pUced in each opeoing m the chamber. 
The Rbore, with Lime-Bnniei, &c Sea page 6. Pig. 2EL 



Fig. 9 

Blowpipe, Glanblnwer'a 
Tahle, with double bel- 
low!, jeM, lamp, >nd Fig- !<*. 
■Umd, complete, from Blowpipe (Dangera) 
*^- ~ "urn ,£2. 2s -~ 




;ompleCe, 
to le. 69. 



Blowpipe, Tilley's Hydrai 
Tery superior j'2. 2 

Blowpipe, Tilley's Hydraulic, conmion £l.ls.to 1 

Ditto . .Hemniing's Safety Jet, for the mixed gases. ... 

Ditto ..Lamp, and Tray 

Bottles, capped, for acids and volatile substances, each, — 

1-oz 

2-oz. 

4-02 

8-oz 

Bottles (Woulfe's) with three necks, each, pints 2s,6d. qta. 

Ditto, ipeciSc gravity, each 

Ditto ditto stoppered, and graduated to 1000 

grains 

Ditto, in tin case, with cpunterpoise weight 

Boxes of Mineral Fragments for the Blowpipe, each .... 

Brass Tobacco-pipe, for blowing gas bubbles 

Ditto, Caps, with stop-cock screw forcementingon jars, 
&C., from ^ 
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Bottle 


, best flint glais 


well stoppered 


_ 












Wide mouth. 


l-o« 


& 1-oz, 


6d. each, 58. p 


doz.. 


. 6d. each, 63. p. doK. 




2-oz. 


8d. 


, 7b. 


, 


. 9d. 


„ 88, „ 




3-oz. 


9d. 


. 8s. 


11 


.lOd. 


„ 98. „ 




4-oz. 


9d. 


, 89. 6d. 


, 


.lOd. 


„ 9s.6d. „ 




6-oz 


lOd. 


, 93.6d. 




-lid. 


„10s.6d. „ 




8-oz. 


l8. 


,l03.6d. 




la.2d. 


., 128. „ 




16.0Z. 


]s.4d. 


, 159. 




. lB.6d. 


„ 16.. „ 




QuarL 


2s. 


, 2Is. 




2b. 3d. 


,. 24s. „ 




3-Pint8 


2B.6d. 


„ 289. 


.. 


. 3s. 


.. 33b. „ 



Candle Bombs, per dozen 

Caoutchouc, in sheets, each 1 

Ditto..., tubing, per foot, Is. 6d., 23,, and upwards. 

Ditto..., Varnish, per oz 

Ditto... Bag8,forga8 15a. and 1 10 

Cement, for attaching glass to brass, per lb 2 

ChauSers, each 7 



Fig. 12. 
Chauffers, with cover and pipe for increasing the heat, 
forming a very useful Table Furnace, as described in 
Reid's Chemistry 12». 



Connecting Pieces, brass, for uniting stop>cocka and other 

apparatus, each lOd, & 1 

Ditto. . . square ditto 1 

Ditto Angle Pieces 1 

Ditto T Pieces 2 

Ditto ....Ferrules, for bladders, small lOd large. . 1 

Keys, for square connecting pieces, enabling the operator 

to obtain a very tight joint 2 

Copper Basins, ls.9d., 2s.3d„ Ss., and upwards. 
Ditto Sand Baths 2s„ 33., 5s., and upwards. 

Crucibles, cast-iron, each 6d. to 3 

Ditto,. .Hessian and English, in nests .3d. to I 

Ditto,, , Tongs, various la.6d., 2s,, 2s.6d„ 3s,, and 4 

Cubic-inch Tubes, graduated into lOthsand lOOdths, each 4 

Ditto ditto stoppered 5 

Cuff's Scale of Chemical Equivalents, varnished 6 

Cryophorus, or Frost Bearer, Dr. WoUaston's 4 

Decimal Weights, from 1000 grains to the 10th of a grain, 

in mahogany box I 10 

Dishes, g;lass U.6d. 2a.6d. a-rA ^ 



Ditto, Evaporating, of real Wedgwood ware, not liable 
to crack or stain, — 

2-incheB over, each 



And up to 24-incheB 
Ditto, Platinum, from 7s. _ 
Dropping Tubes, 4d. and fid. each, 



according to size 




Fig. 13. Eudiometcn, I'te's Hf . Gd. 
riy. U. KudiomeWrj, Hope'e I0«, Gil. 
Fig. 13. Eudionieteis, Volu'i 13>, 



F!g. 13. Fig. 14. Viplb. 



Filtering Paper .per lb. 

Ditto thin, per quire 

Fire Clay per lb. 

Flaska, J-pint 

-. i » 

„ Pint 

„ Quart 

„ with bent tubes for generating gases, (see fig. 48.) 
from 5s. to 



L 




Fig- 17. 

Fig. la Fanace, Universal, 

Purnaw, Aikin'i tuna I5i. F'B- '8- 

Blail, from llh CJ. Kumiu*, French 356. 





FiR. so. 
Fuinaci, Hound Iron, 
«Bi7 useful J 3. 38. 



Fig. 21. 
Furnice, Dr. Black'i, 

j:i. ia>. 



Parnate, dd Proferaot Bnmde't 
Principle, made to arder, priM 

according lo Bile. 



Furnace Stovet.for experimental jmrposM, made to order. 

'unnels, glass 6d., 9d., Is. la.6d. and 2 

Dittu, with long necks, for introduciog substances and 
liquids into retorts, &c. without soiling the neck, 

4d., 6d., and 1 



Gauge, for showing the expansion of metals by heat .... 
Glass and Enamel Rods, for stirring solutions, from .... 

Glass Tubing per lb. 29. 4d., Ss, 6d. ■ 

Do. Tubes, bent, and made to order. 

Do. Syringe, for washing filters 

Gaa Holders, Pepy's Improved, which, with the addition 
of a jet, forms a convenient Hydraulic Blowpipe, 
308 , 42s., 52s. 6d., 63s, and upwards. 




Pair of lar^ 
Pepy's Coppec 
Gas-holders, suit- 
able for lecturers, 
I £12. 12s 



F^. 83. 

The above, with Palmer's Oxy. Hydrogen Jet, Lime 
I Burner, &c. very complete 14 1 



Gas Transferrer, 
Pepy's 58. 6d. 



Higb Pressure Boiler 
and Stand, with Ba- 
rometerTube^Ther- 

mometer, 
complete £3.i 



Pig. 26. 
Hydrometers, from 

Iron Tube Apparatus, for making Potassium I 

Iron Wire, small, for combustion in Oxygen Gas 
Jet, horizontal revolving, for exhibiting Philosophical Fire- 
Works with Hydrogen Gas 7 

Ditto, Palmer's Oxy-Hydrogen, on staad,for burning the 
mixed Gases with perfect safety, with recent Im- 

pioTements, (see Blowpipes, page 2) 1 1 

Ditto, ditto, with Bladders, Stopcocks, &c 1 12 



Ditto, ditto, with Lime-Burner attached 3 2 

Ditto, ditto, with Caoutchouc Bags and flexible 

Tubes instead of Bladders 3 13 

Ladles, small iron, from 6d. upwards 

Ditto, Deflagrating 6d. and 1 

Ditto, with air-tight collar 2s.6d.and 3 

Lamps, Argand, each 6a., 7s., and 

Ditto, ditto, with double concentric wick IS J 




Lamp, GJass Spirit 




^^^^K^ Ronove the tap A, to nhich the inside glass B, cotit^ning o coil ol 
^^^Bbuhed, fill the oiiteide glaiS G, hall' dt twa-thinls full of Diluted Si ' 
^^^^■^ude by mixing one pan of Oil of Vilrol with eight oi nint ^lU nS 
^^^^Bhcc ibe top A, raise the Ijd D, obBCivuig i.'hB.^ i^e ¥\a.<:a&% ' 




Fig. 3S. 
Models of Crystals in wootl, tu facilitate the study of 

Crystallography, per set ( 

Ditto ditto, in glass, per set t 

Ditto ditto, consisting of 15 secondary forms, each 

enclosing its primitive nucleus ■••• '' 

Mortars, agate, from 5b. to 2 

Ditto, composition, No. 0000 

000 

00 



1 

2 

Ditto, glass, each -is. 2s. 6d,, 3b. 6d., 5s., ouJ 



i 



* 




Pladnum Forcepi, Sa,, 
fiik6d.,8s., ISi-iaDd 
upwuds. Fig. 43. 

Ditto Cradblei snd Baaln)! 



. Fig. 43. 

Plates of Glass for covering air jars, from 6d. to 

Pneumatic Troughs for collecting the gases, various sizes, 

small 4 

2ndsiKe 10 

3rd size 16 

Pneumatic Troughs of any size or pattern made to order 
in Copper, Tin, or Zinc. 

Precipitating Glasses, Phillips', — J-pint 

Ditto ditto. Ditto, J-pint 1 

Pulse Tubes, each 1 



Reflectors, fur experiments on radiant heat IS 





Reflectors, for experimentsoi 
radiant heat, of highly po- 
lished zinc, 12 inches di- 
ameter, per pair, j£2. 2s. 

Ditto ditto, 15 incbi 

diameter, per pair, £3. 3«a I 



Standi for Reflectors 
Ditto for iron ball. . . 



.050 



I 




Retorts, cast iron, with connecting 
tube for the production ofoxygea 
gaa, capable of holding lib. of 
Manganese, 10s. and 15s. 

Larger ditto for 31b. of Manganese, 



Fig. 46. 

Retorts, earthen, from 

Ditto, porcelain, tubulated,— 
"'■" ditto, 



21s. 

The sdraDUBS of Ibis fana of bottle con- 
eIeu in faaving a moveable lid, vhcteby the 
manganeie may be temoieil without diffi> 
cully. Fig, 46. 



Ditto 



diffi . I 

i 



I] 

Retorts, glass, plain,— |-pint S 

J-pint 10 

Pint ' I 

Qnurt 2 

3-pint 2 6 

2-quaTt 3 ■ 

Ditto ditto, tubulated,— i-pint I 4 

{-pint 1 8 

Pint 2 

Quart 3 9 

3-pint 4 9 

2-quaTt 5 3 

Receiven, glass, plain .—^-pint. 9 

}-ptnt 10 

Pint 1 4 

Quart 19 

3-pint OSS 

2-qaaTt 3 6 

Ditto ditto, tubulated, — ^-pint I 2 

l-pint 1 3 

Pint 1 6 

Quart 8 6 

3-pint '. .. 3 9 

2-qwart 4 3 

Ditto, Quilled.— 4-pint, la.6d.; i-pint, ls.9d.; pint 2 6 




F^46. 

B«taR SUndis taaU, with 3 iliding bi 

Fig. 46 

8m*)l bnu ditto, with 2 aliding rliigi, Tig. 47. 8 
Thiid >Im ditto, with 3 ilid% Tin^ Fig. 48.. 14 

LftTge ditto ditto. Tig. SO..'... 110 

PLibi iron Retort Stud*, with 3 ilkHtig itogi, 

F^.4» 7 8 

Dillo ditto, jipuncd (> \% ' 



Retort Stands large, brass, with fountain Argand Lamp, 

three sliding rings, &c. very complete 116 




Retort Stand large, brass, with tubulated retort, i 

stand for ditto, and Argand Lamp (Fig. 50 ) ... I 12 

Ditto, smaller ditto, with retort, &c 1 5 

Ditto, iron ditto, instead of brass 1 

Scales, Chemical, common, in oak boxes 3 

Ditto, ditto, better, in mahogany box 7 

Ditto, ditto, with box end beams and brass pans. , ., 15 

Ditto, ditto, with glass pans 18 

Ditto, ditto, standard grain, in French polished ma- 
hogany box, with box end beams and glass pans. . 2 2 



Scales, Chemical, with decimal 
weights to the tenth of a grain, 
brass pans, warranted to weigh 
accurately to the tenth of a 

grain 3 3 

Fig. 61. 



Fig. 61. 

Very delicate Balances, for assaymg, or accurate ana- 
lytical chemistry, in mahogany lanterns and glass 
Sides «8.es. to 16 16 





Fig. 62. 
I .Stills, copper, portable, beet make, with pewter worm, tub, ii 
trame and funtace, complete, 
2-gallon-.., 5 5 



,770 



10~galloi 
12 

15 

le 

20 



13 13 

15 15 

18 18 

22 



6 „ 9 9 

7 „ 10 10 

8 ..11 II 

20-gaIloii Still, for brick-work, with cock 2'/ 

25-gallon ditto ditto 3^ 

30-gallon ditto ditto 4( 

■ 'Stills, l^allon, copper, with tin tub and pewter worm 
complete, for a common fire ' 









Stills, improved portable compound. 

Tbae Slills, ftom 
no woiMn tub, the Biesm bdng C0D(lens«< on s 
conical Te»el, placed over Hit Uquid, kDd the 
cone to constructHl that the cnQdeneed liquid 
cannot mum, but ii collecled iiom a tpout M 
the side, in the uaual manaei. 

The lower put, with the addition of the cover, 
fotnu ■ convenicDi pan for decoctiani, &c. &c 



Pig. 5S. 

Spatulas, steel, of various sizes, from 1 

Ditto, platinum, from 12 

Stopcocks, brass, best make , 3 

^Syphona, glass 2 

Ditto, pewter and copper, with stopcock, from 7 

I Test Glasses, IJ-oz, per doz 7 

3-oz. „ 8 

5-oz 9 

7-oz. 10 

Test Tubes, per dozen 2s., 2s.6d., 3s., 4s., and 6 

Test Tube Stands Is., ls.6d.. 2s., 2s.6d., and 3 

Ditto Holders 

Test Jars, per doz 4 

Tube Flasks, green and white glass, per doz 4s., and 6 

Tube Retorts, each 6d., and 

Tubes, Wedgwood Is., and 1 

Test Papers, Litmus and Turmeric, per doz I 

Xhersnometers, Ciiemical and others, t.*ee lis*. oCi 




Woulfe's Apparatus of three Bottles with I 
three necks each, mouQted, with conduct- | 
ing and safely tubes, in a mahogany tray, 
pints, 16a. ; quarts, 209. Fig. 56. 



Water Hammers, each • ^ 



Wire Gauze for experiments on flame 



TOXXCOI.OGV. 




VAKKnb'B TOXXCOUKMCAX CBKST. 

Contiinin?, ia Btoppcred boiiles, all the most approved Tests for the drtection of 

Poisons, and a complele set of Appnrams for performing the necessary EsperimenU, 

^^^^. with dirediooB, pric« Three Guineas; or On a smallw scale, ia deal box, price Two 

^^b TESTIMONIALS. 

^^^^ 3, Binds Sired, iOI/n ^'oivtaher, 1836. 

I have examined the Chest of prepuraliona and implemenls for Toi.ico]Dgica] 

investigations, arranged sod told by Mt. E. Palmer, of 103, Newgate Slreel ; and I 

haie DO heaitallon in reEomoiendiag it as welt calculated for iti puipusea, holh to the 

student and practitioner. 

ANTHONY TORD THOMSON, 

151 



and practitioners lo detect Poisatis. A Chett of ihis kind has long been a 
ideratum. 

JONw. PEREIRA, 
LectuTST on ChimiilrS "> '^ Lvaden Haspilal, and ol Ibt I 
AUerti/ale Slreel Scltool qf Ma^edte. 
151, Aldersgale Street, Nor. IS, 1838. 



ir 



16 



mj oMbm dnt Ihe Teiu eoolabicd in It might to be In the poueulon of gentlemra 
pracluing In the country, who aity be calltd upon, at any moment, lo analyse vuJoas 
matlen, But) npnit U|wn cises of teal oi suspected pniaunini;. 

G. N. aOUPELL, M.D. 
PhytUian Id St. BaTtholimeic't, and Ltatvrtr on To»feoi«^. 
13, Welbeck Stteet, Nov. 10, IQSG. 

The Toiicological Chest of Mr. Pahner is well lonttived, and calculated to be 
of esBcntisl Ktvice both to the medical jurist and itudeni of Toiicology. 

W. CUMMING, M,D. 
Lecturer en Forcnuic Medieinii at the Alderigate Street SehooL 
Oct. 18, IB36. 

have (xunined a ToiicDlogkal Chest, prepared hj Mr. Palmei, 103, MswgatB 
Bcteet, and am ot' opinion it sfibrds infotmalion and means for deteeiing the eihibi* 
tion of Poisons by Tests, which the improvements in Science at the present dnie 
render it highly important (oi medical men in general to pouen, but opeciaUy thosB 
in remote pans of the kingdom, and Aimy Surgeons on (ordgn stations. 

L. LEESE, M:.D. 
Surgeon to the Hon. Salt India Compmtff. 
Coleman Street, Dec 6, 16S(>. 

8in, 3B, Finsbur; Square, Nov. 16, 1836. 

The necessity for a compendious colluctioo of pure Testa and coavenieDt 
Apparatus, foi the detection of Pouons, must he uDiversallf admitted -, and auch a 
coUeclion the neat package which you submitted to my eiaminntion teems to afitnd. 
The chemical rc-agcnts arc, I believe, well prepared, and in perfect accordance with 
the present advanced stale of Toxicological iiience. The various pieces of AppaiaCuB, 
conatructed in a clever and compendious manner, appear to be quhe sufficient for oil 
the investigstions which belong to this dcpartmcni of Chcrolsiry. I cannot therefore 
loo strongly recommend it to the notice of the medical profcssora, and to every indi- 
vidiud who may be required to undertake any inquiry in thia branch of medical 
juiiiprudence. 

I remain, Sia, very faithfully yours, 

GliORGB BIRKBECK. 
To Ml. Edward Palmer. 



PARTICULARS 



Sbtt of ®&emical gtpparatti^, 



AMOUNT of FIVE POUNDS. 



Nest of Crudbles. 

An Iron Retort Stand, with three sliding 
rings for the support of Apparatus, 

A Chemical Aigand Lamp. 

Three Gbu Retorts, and a Glaaa Receiver 

A Glass Funnel, and Filtering Paper. 

A FUtand Round Bottom Flask. 

A Gtasa Bottle, with ground tube, for gen- 
erating tbe gases. 

Three Evaporitlng Basins. 

A large japanned Pneumatic Trough. 

A Glass Bell Air Jar, with wire and ladle, 
/pi deO^initiiig. 



Ditto, with brass cap. 

A Bladder, mounted with brass Air Cock, 

and Jet Pipe. 
An Iron Retort and Conducting Tube, for 

making Oxygen Gas fiom Manganese 

in a common grate. 
Two Cylindrical Air Jan. 
A Glass Graduated Measure. 
A Dropping 1'\i\k, and six Test Tubes. 
Two TesiGUsscl. 
Glass Tubing and Blowpipa 
A Thiee-neek Woulfe'a Boti' 
A Porcelain Moitu and Pea 



>S WdglitG and Stair 
A C.]ii» Spirit Lump- 
Two Precipitating GUcses. 
I'latiDDm Wire and Foil. 
Glms Sjrphon 
Wudl UIbsi Hnldei. 



I Test Tube HoUa-. 



t Bbwpip^ for bcniliaf 



A MORE EXTENSIVE SET, 
TEff POUNDS. 

A full size brait Retort Stand, irith three ' A Long Uropping Tube- 
gliding rings. I Fonr Evaporating Dishes. 

A Chemical Aigand Lamp, A. Porcelain Moilar and Peslle. 

Three Glass Retorts and a Receiver, one A Glass Spicit Lamp. 

tubulated. ! 1'»o Glass Evapoiating Dishes. 

Two GIa» Funnels, and half a Quite of. Two Precipitating Jars. 
Filleting Paper. A Derpuan'n Blowpipe. 

A Round and Flat Bottom Flask. Pepjf's Woler Bath, for drying fillera. 

A Gbs Bottle, with bent lube. | Two Stirring Rods. i 

A OeflagTuting Glass Bell Air Jar, Twelve Test Tubes, and maboguiy stand. | 
mounted, with wire and ladle. ( Ure't Eudiometer. 

. .i_n. ..-. . ..J _i.i.i Pint Woulfe's Apparatus, in mahtgany ■ 

tra}', with bent tubes, complete. 



It 



cap, and two brass air cocks, connecting 

acrew, and mounted bladder. 
An Icon Retort and Flexible Conducting 

Tube, for making Oxygen Gas from 

Manganese. 
A Japanned Pneumatic Trough. 
A set of Cylindrical Air Jars. 
An assail men! of Glass Tubes. 
A four-ounce Graduated Glass Measure. 
Two Test Glasses. 



Table Fur 

Self-acting Spirit Blowpipe, for bending 

glass tubes. 
Bent Glass Funnel. 
Metrurial Trough, 
Glass Hlales, for covering Air Jars. 
SpedSc Gravity Bottle, in tin case, with . 

countetpoise weight, and directions. 
Box of Scales aod Weights. i 



YET MORE EXTENSIVE SET, 
TWENTY POUNDS. 






lery complete portable Ii 
lined with Hie brick. 

Pepy'simproved Gas-Holder, which, with 
the addition of a Jet, forms a very con- 
venient Hydiauhc Blowpipe. 

Daniel's Sustaining Battery of twelve lib. 
pots, in mahogany tiay 

One-gallon Tin Sdll, with worm and tub 

An Argand Spirit Lamp and Stand, on 
Professor Rose's prindple. 

A Glass Alembic. 

Palmer's OxyhydrogeD Blowpipe com- 
plete. 

Thre* NesH Crudhlea. 

Pair of Grain Scales, with bon-end beams, 
in mahogany box, and Weights. 

A full siie Brass Reloii Stand, with three 
sliding rings. 

A Chemical Argand Lamp. 

Three Glass Retoru and a Recdver, one 
tubulated. 

Two Glass Funnels, and half a quire of 
Filtering Paper. 

A round and fiat bottom Flask. 

A Deflagrating Glass Bell Air .lar, mount- 
ed, with sliding collar and Udle. 

A Bell Air Jar, mounted with brass screw 

r Cap, aud two bran Air-Cocks, connect- 

^Bg-^<^tew, and mounted bladder. 



A Gas Bottle, with curved tube. 

An Iron Retort, and flexible Condacting- 

Tube, for making Oxygen Gas from 

Manganese. 
A Japanned Pneumatic Trough. 
A set of Cylindrical Air Jars. 
An aSEOrtment of Glass Tubes. 
A four-ounce graduated Glass Measure, 
Two Test Glasses. 
A long Dropping Tube. 
Four Evaporating Dishes. 
A Porcelain Mortar and Pestle, 
A Glass Spirit Lamp, 
Two Glass Evaporating Dishes. 
Two Precipitating Jars. 
Bergman's Blowpipe. 
Pepy's Water Bath, for drying fillers. 
Two Stirring Rods, 
Twelve Test Tubes, and mahogany stand. 

Pint Woulfe's Apparatus, in malif^nf 
tray, with bent tubes, compleie. 

Table Furnace. 

Self-acting Spirit Blowpipe, for bending 
glass tubes. 

Bern Glass Funnel. 

Mercurial Tiough. 

Three Glass Platen for covering Air Jars, 

Speciflc Gravity Bottle, ' * ' "" 

inleipoUe weight, ai 



CJBBMICArS. 



Acid, Acetic 2 01. 



Bonudc 

CBinpboric > . — ■ ■ ■ ■ 

Chloric 

, Cbromic 

ChloTO Chromic 

Kluo Silicic 

, GbIUc 

Hydiiodic Sol 

Malic 

Muiiatii;, commoD . . ■ 

Mdjbdic 19 

NiwoMurilitil:'".!'.'.'.'.'. 4„ 
OxaLc, common 3 „ 

Phoapboric, Sol 1 3 „ 

„ Glacial, pure 15 0„ 

PfroIiuncODE 

Succinic 

. Sulphuric, common , 

„ puic ... 

, Tartaric, common . - - 



Allojt, rarkma • 

fibcT, Acetic 1 ' 

„ PjroligncDus, Imp. p>> 2 ' 






Itcclified .... 



Alumina 

„ AcMate,3ol 

„ Muriate, SolutioD . ■ . . 
„ Nittat«, Solutiun . . ■ . 
„ and Potash Sulphate ■ . 
„ BuIptiUe,Solutitm. ... 



Ammonia, Solution 

I, Strongest 

„ CirboDMe, pun 



Hydra Sulph.8td... » 



luny, Nitro Munate, Sol. O 

0>iiia 1 

Ptiotphate O 

Sulpburec O 

Taitrale and Potash 



Oxahle 

Fhoaphale • 

Sulphate 



„ Nitrate, Sulodon .... 
BoruTi 

Biomine 7 



„ Oxidta 

Csldam, Chloride, Faiei . 
t, Suiphuret 



Chroi 



. (I Bgr. 



Oxaklf anil Potaah. . 

Copper, Granulated 3 lb. 

AcelBie 1 OK. 

Carbonate 1 „ 

Foil 3 „ 

Leaf 2 bk. 

Muriate I a oi. 

^itra^e 3 „ 

Oxidn 1 G „ 

Sulphate, common.... 1 O lb. 






. 3 a 



[b. 



Acetate, Solutic 



„ Muriate, Solutio 
„ Oxide, common 

Creuute 

Fluor, Spar 

flux, black 






.06,, 



GallB 

„ Tinctura S ^ 

Gold Chloride, Solution »' 

„ Leaf I fttk. 

Iodine 1 

Iodide lion S 

, „ LbiA 3 




i9 



„ Muriate 1 

„ Oxiile . 

„ Sulphate 1 

Osmium 

„ Oside ■ 

PhoBjihorus 2 

ralludiam ■ ■ 

„ Oxide 

Platiuuiii Amnion, MuriMe •■35 
Balls for lljrdrogen 



IM 



ips-. 



ditto • - 
„ Chloiide - 

,1 Sponge ■ ■ 
„ Pure ■ ■ - 

Potassiiim 

Potuh, iusol 



Polychrest 



amibw i I 

Atsenato-. -••-■-• ••• 8 

Carbunnti^ commnn ■ • 1 i 

Bi CarboDnte ■ 

Chlorate I 

FerChlorate 6 ' 

Chromste I 

Bi Chromate i 

Fluo Silioite 1 I 

Hydtiodate ■■ 8 ( 



NilttUe, pure----""" J 

OABlale I 

Ptuaiiiate ■ 



Silic: 






Sulphate ■ 

;; Bi Bulphala « 

„ Tartrate 

„ BiTaitnte 

Rhodium ■ 

„ Oxide ••■- 

Selenium 

JSilex 1 

Sodium ....- 

Soda 



Murii 



„ Sulphate, pure 

„ TarliBle and Potssh • i 
Sirunlia 



Water 

' Clilorid < 

Lenf 

Nitrate 

„ futed • 
Pbotphats ■ ■ < 



. Tin GrannlMfd ■ 
, MuriHte 

,' OKides 

Tiumium 

0»ide ■ 
Ten PBperi, Litmiu • 

„ „ Bed ■•.. O 
„ Turmeric •■•••• O 
Tungeum -- 

Zinc 



» laht. 



Sulphur Chloiide 4 0„ 

„ ItoU 4 11 



N.B. — Some of the above ChemUal Preparaliont varying conlituinUg in price, E. 
oannot pledge himaelf to be confined at all limea to Ihe Catalogue gvalalUm, I 
tciU, in tuck cases, charge ta loie at pOHible. 



BAXkOMETESLS, TBERKOKBTERS, 
BYSSLOMETERS, SACCBAKOXaETXiB^, 

&,C. 




Fig. SB. 
Bm WhEd Ban- 
metCT with Ther- 
lODmeter & Spirit 
Level, plain 
mounted, £3. 3s. 

to j:a. 5s. 




Pfg. 68. 

DIRECTIONS FOB USING THE PORTABLE 
THEUMO-BAROMETER. 

Having plated i( In an uprighl pDsidon, unscrew the small head at top of right- 
hand lube A, as far as poraibte, and turn the Gtopcock B ; the mercury trill then be 
obaetved to tall, and should be allowed to remun a Bhoit period of time to settle at 
the correct tenipeiatute. When about la make an observation, place the arrow on 
the Barometer scale to the surface of the mercurj In the right-hand tube, and observe 
ihe leinperature by the Thermometer ; then place the point of the vernier in the same 
degree on tba Barometer tube as the mercury stands in the Thermometer, which will 
iudieate the weight of atmospheric pressure piecisely the same as any other Baromeler. 

To make the instrument portable, gently incline it dawnwurds. and when in 
thit position, turn the stopcodt oS* and screw the hiat 
fidenlly firm. 



heed nt A, i 



TBERMOZnETEItS. 



Plain Boxwood Ther- 
mometer, 4s. 6d. 

3-inch Ivory-scale ilitto, 
ia morocco ca 
the pocket, 73, 



for 



8-iiich Ivoty-acale Ther- 
mometer, in ornamental 
japaoDed case, 7 s. 



ti 

9-inch ivory-Bcale Tliermometer, on ebony, with Germac 

silver mountings 14 

10-incIi joinled ivory-scale Chemical Theiinometer, in mo- 
rocco case I 4 

S-incli metal-Bcele Therraometer, in japanned case, for 

Brewing, &c. &C S 6 

Large Brewing TherroometervFith metal scale, in coppercase 15 

4-inch metal-scale Tbermomeier, in morocco case 10 

6-inch ditto ditto 14 

Day & Night selF-regiBtering Thermometer, with boxwood scale, 15s. 




3-inch ivory-scale Window Thermometer, with mahogany 

frame and glass cylinder 15 



Fig. 60. 
Small iiDi 
■coleTlierii 




F.B. 70. 
CbtyeiI i»pry peoes- 
tid ThcfmouiiJtM, 
under gbushtde, 
ruidrawiag-ioom, 
J 3. a*. 



Plain boxwood Chemical Thermometer, with jointed scale 

to 300 Fahrenheit 12 

Spirit Tliermometer, for low tempecatures ■ 15 



aYSnOKETBRS, SACCBAnOMETEKS, 




Pig. 73 
Sykea'a improved metal Hydroi 

■S used b; the Board of Excise, in' Fig. 74. LBCtomeieib for PigJC. 

mBbogaDJ case, ^4. 4s. Glass Hydro- aBceRainirgtbe Alkalime- 

meleniniia relative value ters,aBde- 

C86cs,76.6d. of Milk, per set, stribolbjt 

and ISs. Us. Or. Far- 

radsf, Gi. 

Glass Hydrometers in mahoganv casea, with Thermometer 18 
Ditto ditto, icnpruved, with ivory rule and sliding 

scale 2 2 

Ditto ditto, with Saccharometer scale attached, and 

Tliermometer 1 10 

Twaddle's Hydrometer, in sets, complete 3 3 

Beaume's Hydrometer for saline solutions 1 

Glass Sacch arc meters for ascertaining the strength of 

Worts, &c. in tin case . 
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Hyclrometrical Beads, from 7s. to I 10 

Acitometers in tin case 18 

Ditto, with Beaume's scale • 1 I 

Hydrometers for uscerlaining the quantity of corrosive 
sublimate in solutions as used by the Aati-Dry-Rot 

Company, in leather cases 15 

Urinometers, In leather cases , 10 

Hydrometer Glasses 



PHEITXaATXC ArPASLATUS. 




Fig. £3. 
Lir^t ate iluubU-banelUd Ail Funp, wish IriMi pUlc, i 




Fig. W. 
Doubltj-BsirelledJAii Pump, £3. 10s. 
£4. 14b. 6d. & £1. 7b. 



Fig. 87- 

Fig. SO. Pocket Con- 
Ground Brnw denBtrs for 
Plate wilh col- inBtuotsne- 
hr or ImUier & oub ligbt] 
Hliiling wire, 3b, Gd. 
1-2b. & ISB. 




Fig. 85. 

-_e Double-barrelled Ait Pomp 
I, with Barometer Gu^^e, £\9. 




Fig. iie. 

{ Model of Forcing 
on iiiatiogktiv 
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Fig. 101. 
Single TransfeiM, 16s. 



Fig. 102. 
Double Transferer, £2. 2s. 



Fig. 103. 
Guinea and Fes- 
ther Apparatus, 
withSfalls^ies. 




Y\%. VS\ 



Leslie's Pump for making Ice m aa^'cWX*, Vv^ v\4^^ ^«^^ V«W^ ^^^^ 



I 
Smi 
Sec. 



lall S!nfle-barrel Air Pump, 



rith Receiver, lig. SI. 

21g. 25s. and I 10 

fig. 82 2 5 

f 3 10 

.. .< 4 14 



!|fig. 6 



Ditto ditto, with fountain, 
Small-size Double-barrelled Pui 
Second-size ditto ditto .... 

Third-size ditto ditto 

Ditto ditto, with guage-plate . 

Ditto, with raised plate 9 9 

Large-size Double-barrelled Pump, fig. 83 12 12 

Ditto, on stage stool, fig. 85 19 

Leslie's Ice Pump, with thr:e receiver-plates, fig. 104 . .60 
Extra large Double-barrelled Pump, with Smeaton's, for 

accurate exhaustion 60 

Ditto, without Smeaton'a 35 

Flat Brass Plate ground for open Receivers, with collar 

of leathers and eliding wire, fig. 86 128. and 15 

Brass Sjringe or Pocket Condenser, for instantaneous 
light by compression of air within the Cylinder, 

tig. 87 3 

Copper Bottle, Beam and Stand, with Balance Weight 

for weighing air, fig. 88 2 15 

Syringe and Lead Weight, with ground brass plate for 

open Receiver, fig. 89 12 

Fountain in Vacuo, best make, fig. 90 15 

Ditto ditto, common 6 

Tall Fountain Glasses 6 

Wheel and Upright Barometers (see page 20.) from 3 3 

" id close Receivers for Air Pumps from 3 



s for ditto , 



Open a 

Bladder Glai 

Hand Glass I 

Bell Experiment, illustrating that Atr is essential to Sound 10 

Ditto ditto, beat make, fig. 91 1 o 

Bacchus Experiment, for showing the Elasticity of the At- 
mosphere, fig. 93 1 8 

Windmills, on a new and superior construction 3 3 

Tantalus's Cup, fig. 93 10 

Torricellian Experiment, for illustrating the pressure of 

the Atmosphere 14 

Fountain and Jet, which act by condensed air, consisting 
of a Condensing Syringe, stout brass Vessel and 

Jets, packed in a case, fig. 94 ;£3. 3s. and 5 5 

Model of Water Pump, showing the principle and ab- 
surdity of the term suction I 1 

Ditto, with Glass Barrel, fig. 95 1 10 

Ditto of Forcing Pump, on mahogany stand, fig. 96. . 2 15 
Models of the two, mounted on a mahogany stand, with 

Water Cistern 5 5 

Philosophical Water Hammer 4 

Breaking Si^uares, to illustrate the pressure, likewise the 



^^^feui 



Wire Cage for ditto 

Filtering Cup, with ground brass plate, for showing the 



porosity of wood, fig. 97 

lit Stand, for supporting shrivelled fruit, under receiver 
of Air Pump 4 ^1 
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tung;'a Glass, for illustrating the elaaticity of air, fig. 98, 6 
Bladder Frame and Lead Weights, for illustrating the 

elasticity of Air. fig. 99 7 

Hemispheres, for illustrating the pressure of the Atmos- 
phere, small ) f 15 

Secondsize J- fig, 100 -J 18 

Third size ) t 1 10 

Apparatus for Freezing Water by evaporation, under an 

exhausted Receiver 12 

Foul Air Pipe, consisting of ground brass plate for open 

Receiver, Bent Tube and Stopcock 16 

Exhausting Syringes 7 

Condensing ditto 7 

Ditto ditto, both in one instrument 10 sl 

Large ditto 1 1 

Single Transferer, fig. 101 16 

Double ditto, fig. 102 2 2 

Guinea and Feather Apparatus, 3 falls 1 4 

Ditto ditto, 2 falls, fig. 103 16 

Glass for ditto lOs. 6d. and 13 

Set of Pneumatic Apparatus, packed in case, consisting of 
sloping barrel Ait Pump, open and close glass Re- 
ceivers, Fountain Apparatus, pair of Hemispheres, 
Sliding Wire and Collar, Syringe and Lead Weight, 
Bladder Frame and Weight, Filler Cup and Glass 

for Mercury, Hand Glass and Fruit-Btand 6 6 

apparatus consisting of a Brass Stand and Balance Beam, 

' with a piece of cork suspended at one end and a 

brass weight at the other, illustrating that two bodies 

which are exactly balanced in an Atmosphere of 

a density, are not when in a vacuum 8 



FRICTION AX. ELECTA ICXTY. 

CYLINDER ELECTRICAL MACHINES. 





Fig. 105. 
mall Cylinder Electrical Machine, on mahogany stand, 

ivjth brass conductor 1 10 




Fig. lOIi. 
I i)ouble I a-inch Plate Electrical Machine, a very splendid 
and powerful instrument, on Woodward's principle. 





Fig. 113. 
Henley's 

Quadrant 



Kig. lit Fis- 115 

net's Gold-leaf CavaUo's Pi 
Elecinncupe, wiih Ball Uleclro. 



tig- IIG, 

Carallo'B Pith 
Ball Electro- 




Fig. 121. 

Two Jars mouiUed for ex- Fiji. 132. 

plaining the FrantUnian Appotatub fot the igni- 

Theory, wiih innilaied lion of Pliosphotu!, 

aud,&e.lah £t.ls. 




FiR. 132. 
dined Plane, £1. 1 



Mg. IH3. Fig. 13*. Pig. 13S. 

Electrical Whirls. Magic Pirture in Lmninoiu Coi 



Pig. 133. 




Fig. Ul. 

Imige Piste), wllh Insulated glui 

- rt foi the upper plate, ISs. 





Fig. 144. 
Inrakled SuwIb, 10a. C J. 
15s. ; anH upwstds. 



„F«. 147. 
Bucket & Sj. 
pliOD, fis.Ud. 




3 

Hind Set of Five Spirals 
Spiial, °" muhogiiny pe- 
Si.Od. ^"t*!. Pl""" 

Tubs, £1, lOs. 
Ditto dlllo, Willi 
double tubes of 
variouB coloun, 
.£2.2!. 



"-=t_jlP Fie- '53 

LumiuDUB Wofds ii 

(olotued glass, 12 




Fig. 15G. Fig_ i5j_ 

Fig. 154. Tin. IM- Joioled Eleclticsl DalieiieB, £2. lOs. to 

Painted ElectriCBl Swan, 3s. Ditdiar- £iq, jq^ 

GlMB gers, 8b., 

PlBoe, on 10b., 12b. 

Btaiid,13B. auh, 

CutliberUon'a Discharging Electrometer 2 2 

Harris's Unit Jar Electrometer, with graduated slider, for 
charging other Leyden jars, or Batteries, with known 

proportions of electricity, fig. 110 I 15 

Harris's Balance Beam Electrometer, for estimating in 
grain weights the attractive power exerted batween 
two oppositely electrified surfaces, such as the outer 
and inner coatings of a Leyden jar or battery, &c. 

%. 1 12 4 4 

!!oulomb's Torsion Electrometer, for measuring with 

great accuracy small quantities of electricity, fig. Ill 2 10 
Lane's Discharging Electrometer, for regulating the charge 

of a Leyden jar 7 

Henley's Quadrant Electrometer, with graduated arc, for 

experiments with accumulated electricity, fig. 113.. 7 
Bennet'3 Gold-leaf Electroscope, with Singer's improve- 
ment, whereby the instrument is better insulated. 
Bit is used for detecting minute quantities of electri- 
city, fig. 114 16 
ivallo's Pith Ball Electroscope, fig. 115 from 10 
This inBtmoienl ii not so delicale aa the Gold-leaf El Bctioseope, but 
Mrj seniceable for likenise delecting imall quantities of dectiidty. 
Ditto ditto, with stopcock for exhaustion^ fi^, Wft \ f> 
D 1 



■Mi 



Haiiy's Needle Electroscope, for ascertaining tlie elecCi 
cal statu of mineral substances. 



8 I 



Sausaure's Electroscope, For experiments on atmosplieric 

electricity, fig. 1 17 I 5 

Henley's Universal Discharger, with press and table, for 
deflagrating ihe metals by electricity or submitting 

bodies to electric shocks, fig. 1 1 8 I 10 

Ditto ditto, with charcoal forceps, Ac, adapted for 

frictional or voltaic electricity, fig. 162 2 2 

Jointed Insulated Forceps on stand, forming a conveDient 
support for wire, &:c. through which it is required to 
pass an electric charge, fig. 119 1 10 

Two jars mounted, for explaining the Frankllnian Theory, 

fig. 120 10 

Ditto ditto, superior, with insulated stand, ball and 

wire, fig. 121 18 

Apparatus for the ignition of Phosphorus, consisting of 
two insulated brass balls with a cavity in the centre 
of each for the reception of a small piece of phos- 
phorus, and a support between the two for a lighted 
taper. One ball is placed in connexion with the po- 
sitive and the other with the negative conductor, 
when the passage of the electric fluid from the for- 
mer to the latter ignites the phosphorus, fig. 122 1 1 

Improved Electrical Condensor and Apparatus, for ex- 
periments upon disguised or paralysed electricity, 
consisting of two circular metallic plates, 12 inches 
diameter, insulated by glass supports, one of which 
is made to slide in order that they may be brought 
near or made to recede from each other. A binding 
screw is attached to each plate to connect with a 
pith ball or gold-leaf electroscope, fig. 123 2 5 

Glass Jars mounted with moveable metallic coatings, to 
show that the charge is not in the coalings, as those 
with which it is charged may be removed and others 
put in their place while the glass retains the electri- 
city 14 

Adams's combined Apparatus, consisting of ball and wire, 
pointed wire, exhausting syringe, luminous conductor, 
exhausted flaab, two Leyden jars and insulating pillar. 
This apparatus is made to shift tn a variety of ways, 
that a number of amusing and instructive experi- 
ments may be performed with them 3 ."j 

Medical jara mounted with Lane's Discharging Electro- 
meter, to regulate the intensity of shock given to a 
patient, fig, 124 from 10 

Medical Electrical Directors with insulated handles, for 
passing a shock through any particular part of the 
body each 3 

Volla's Electrophonis for obtaining the electric spark, 

farming a useful appendage to the Laboratory, .from 12 

Electrical Cannons for firing a mixture of hydrogen and 
atmospheric air by a spark from the prime conductor, 
^ iig. 125 128. and 1^1 
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Electrical Pistol, for the same experiment, fl^. 126 .... 6 

Electrical Powder CantioQ, foe firing gunpowder by pass- 
ing the charge from a Leyden jar from 5 

Thunder House, for explainiog tKe use and necessity of 

lightning conductors, fig. 127 7 

Obelisk, for explaining the use of lightning conductors, 

fig. 128 7 

Powder House, for showing the necessity of a continuous 
conductor, as iit this experiment the circuit is broken 
in the centre of a cup holding gunpowder, which be- 
comes ignited and blows open the house, %. 129 ..1 1 
Fire House for igniting by the electric dischai^e from a 
I^yden jar, tow saturated with resin, spirit, «etber, 

or any other combustible material, fig. 130 16 

^^ Electrical Sportsman. This amusing experiment consists 

^^^ of a Leyden jar and a figure curved Co represent a 

^^H sportsman in the act of shooting ; two wires are in- 

^^H serted in the Jar, and at the end of one some carved 

^^V pith birds, while the other is brought a short distance 

^^H from the point of the gun. A chain from the prime 

^^^h conductor is connected with the wire communicating - 

^^" with the lower part of the jar, and as soon as the 

machine is put in action the birds rise, but fall as if 

shot immediately that the jar is discharged, fig. 131 I 5 

Electrical inclined plane, formed of two wires stretched 

from four insulated pillars, with an electrical fly or 

whirl across, fig. 1 32 1 I 

Electrical Fly or Whirl for showing the vevoiution of 
cross wires by the dispersion of electricity from 

points 3 

Three ditto ditto, on one stand, fig. 133 8 

Magic Picture in frame, for giving slight shocks. It con- 
sists of a flat piece of glass coated on each side with. 

tinfoiltbesameasaLeydan jar, fig. 134 7 I 

Luminous Conductors with valve for exhaustion, to show 
the passage of electric light through a partial va- 
cuum from 10 t 

Ditto ditto, on stand, fig. 135 L 1 < 

Egg stand for passing the charge of a Leyden jar through 
eggs, oranges, &c. whereby they become luminous in 

a darkened room, fig. 136 9 I 

Electrical Swing for showing the repulsion of bodies simi- 
larly electrified, fig. 137 14 ( 

Electrical Flask with brass cap and valve for exhaustion. 

to imitate the aurora borealis, fig. 138 6 ( 

Diamond Spotted Jars. These jars are mounted with tin 
foil cut in diamond-shape, showing a beautiful light 
when discharged in a darkened room, fig. 138, 

8s.6d. and 15 ( 

Ditto ditto, very large 2 10 ( 

Image Plates with brass stand and hook to connect with 
prime conductor for pith figures, dlustrating in an 
^^B amusing manner electrical attraction and repulsion, 
^^k fig. 13!) 9s. aud 12 C 
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Image Plates, with insulated glass support 

upper plate, the connexion being made by a chum 
from prime conductor, whereby the figures are re- 
moved from the attractive influence of the cylinder, 

fig. 141 1 

D.-incin^ Figures made from the pith of elder, plain. Is,, 

Jointed 2s. and 
Pith Ball Stand, This experimeut forms another illustra- 
tion of electrical attraction and repulsion 

Pith Ball Stand witb ball and wire, the connection being- 
made by a chain from the prime conductor, lig. 142 

Pith Balls perdoien. Is., and 

Carved Mead with Hair, fur illustrating the principle that 

bodies similarly electrified repel each other, Rg. 143. . 
Insulated Stools for medical and other purposes where 
it is required to insulate a body from the ground, 
fig. 144, 10s. 6d,, 15s. and upwards 
Set of Five Bells on stand, four being insulated and the 
other in connection with the ground, whereby the 
clappers which are suspended between the two be- 
come continually attracted from one to the other , , 18 
Set of Three Ditto on brass beam, to suspend from the 
^^^ conductor. The action of these are the same as the 

^^^L preceding, the centre bell being in connection with 

^^^^V the ground by a chain, fig. 145 

^^^B Gamut of Bells. This experiment consists of eight bells 
^^^V arranged on a mahogany stand, with an electrical fly 

^^^H or whirl, carrying a single clapper, which in its 

^^^1 revolutions strikes alternately each of the bells, 

^^H fig. 146 

^^^H Sjiider Jar. This experiment consists of a Leyden Jar oq 
^^^H stand, with ball and wire, between which and the 

^^^H knob of the jar is suspended a spider, carved from 

^^^H pith of elder, which is continually attracted and re- 

^^^H pelted from one ball to the other till the jar is dis- 

^^^H cliarged 8 

^^^^B Ducket and Syphon to suspend from the prime conductor, 
^^^^B* In this experiment the water, which previously to be- 
^^^H ing electrified only falls in drops, then runs tn a 

^^^^^ stream, and in a darkened room appears luminous, 

^H* %.147 5 

^^^^V Revolving Spiral on stand, having an electrical fly or 
^^^^■' whirl which revolves by the dispersion of electricity 

^^^^^ from the points, presenting a very beautiful appear- 

^^^H ance in a darkened room, fig. 148 10 

^^^^^ .Hand Spiral, consisting of two glass tubes with brass 
^^^^B caps, the interior one being covered in a spiral form 

^^^^^ with spangles of tin foil, showing, when presented 

^^^^B to an excited cimductor, a contimious stream of 

^^^■'' electrical light, fig. 149 5 

^^^H Set of Five Spirals on mahogany pedestal, with insulated 
^^^H revolving balls in the centre, which in their revolu- 
^^^H tion communicate electricity to each of the spirals, 
^^^H prodncing a beautiful succeMbion of solcal lines cf 
^^H I'gK %■ 150 \ \ft 
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Set of Five Spirals, very superior, with double tubes of 



:aloui 



Dome and Spirals. This is another esperiment for illus- 
trating; in a pleasing manner the passage of the elec- 
tric fluid, the dome, in addition to the spirals, being 

covered 'with spangles of tin foil from S 2 

Star formed of spangles of tin foil, on a flat glass, fig. 

151 from 4 

Bird formed of spangles of tin foil, on a flat glass ..from 4 
Electrical Orrery, representing the motions of the sun, 

earth, and moon, fig. 152 from 7 

Luminous Words in frame, on coloured glass, fig, 153 . . 12 
Painted Glass Plane on stand, in different colours, with 
devices of tin foil for showing the electric light, 

fig. 154 13 

Electrical Swan, by placing which upon the surface of a 
basin of electrified water, it may be attracted to any 

part hy presenting the finger to it, fig. 1 55 2 

Electrical Spider, by electrifying which and presenting a 
ball it will be attracted, but upoo presenting a point 

it will be repelled 1 

Jointed Dischargers, with insulated glass handles, for 
discharging electrical jars, batteries, &c. fig. 156, 

83., 10s., and 12 

Small Discharging Rods, not jointed 5 

Leyden Jars, 3s. 6d, 4s. 6d., 5s, 6d., 78. and upwards 

Electrical Batteries, fig. 157 from £2. 10s. to 10 10 

Electrical Cylinders, 2s. 6d., 3s. Gd., 4s. 6d., 6s. and 
upwards 

Glass Handles Is. 3d., Is.Gd. and 2 

Legs Is. 6d., 2s. Od. and 2 

Amalgam per box I 

Brass Chain per yard 



. VO&TAZC and THB&KO-EIECTKZCZTT. 



"i 



Cruikshan 
troughs, 



.'s Batteries, in mahogany 
for medical purposes 



Hg. lau. 

26 pair of Plates, 2i-inch 1 1 

50 Ditto ditto, 2J-inch 1 15 

200 Ditto ditto, 2i-inch 5 10 

50 Ditto ditto, S-iuch 2 10 

25Ditto ditto, 4-inch 2 8 




)r. WoUaston's Battery of twelve pair of 
4'inch plates, in porcelain troughs, 
£2. 2s. 



4 
4 



4U 

Grove's Platinum Batteries excited with dilute muriatic 
acid \a connection with the sine, and strong ahxic 
acid in connection with the platinum 

Six Bmall Pots, with porous cells, in mahogany tray. ... I 15 



Six larger Pota, with porous 
cella, in mahogany tray. 



Modification ot Professor Daniels b Sustaining Battery, 
consialing of a cylinder of zinc and copper separated 
from each other by bladder, brown paper, or porous 
earthenware, and excited by a solution of salt and 
water in contact with the zinc, and a solution of sul- 
phate of copper in the other cell. Price for single 
pota 5s., 7s., and 15 





Battery, containing 
six J-Ib. pota of the 
above, in mahogany 
tray, which in de- 
composing water will 
give off a cubic inch 
of the mixed gases 
per minute,^!. JO*. 

tnahogany tray 4 4 



Fig, ICI. 
Battery, containing twelve 1-lb. pots, 

Ditto, with six 8-)b. pots, ditto ;» 5 

SMEE'S CHEMICO-MECHANICAL VOLTAIC BATTERIES, 

Deanibed in the Phileeophical Magaxinefor April, I B40. 

Tbe gieal superiority of this Bullery over eyety other, conalala in the liltic 
Iroable required Id put them in action, and the immense power ohtmued ; requiring, 
likewite, no bladders or poioui pou;, b^ng excited with dilute sulpburic acid contiiin- 
iog one part icid to Hvcn of water, and the iiclioD contitiLung >teadily fat hauri till 
the acid ii Eani rated. 

They hare nothing obnoiious or dlBBgreesble during thdr action, hydrogen only 
being evolved. One cell, witb s piece of platntiiied lilvec two inches iquaTe immer- 
sed in a tumbler of dilute add, siippotted, with on eleclro-magnel, npwaids or 
three hundred weight. 

Its calorific ^ecti ace Immense ; aix ^-Vo. pots readily melting iron wire and 
showing a most brilliant light when placed in eonnoction with an electio-magnelic 

They may be had in a variety of forms and siiea at under^ — 
Smee's Battery, with twenty-five 4-inch plates of plated 

copper, on Cruiksliank's plan 3 3 

Six 1-lb. Pota with plated copper, in mahogany tray. ... 2 3 
Smee's Tumbler Batteries, with silver plates, so con- 
structed that ihey may be immersed in common glass 
tumblers, and any number connected at one time, 
k^ each 7 6 



41 

A Eeries of iix of the above mounted in pots and maho- 
gany tray 2 10 

Ditto ditto, with 6 small pots and round zincs .... 2 2 

Ditto ditto, larger from 3 3 

Ditto ditto, ia WoUaston's troughs of 12 cells with 
double Kiocs, and the silver plates presenting a sur- 
face of 252 square inches 5 5 

Batteries Jitted up with pott of all sizes and any number to 

Insulated Stand, for exhibiting the combustion of char- 
coal, fusing of wire, &c., with the Galvanic Bat- 
tery 1 1 





Fig. 163. 

Insulated Stand, very superior, with Heoley's Universal 
Discharger and Press, two pair of forceps, &c., ap- 
plicable both for Voltaic aud Frictional Electricity, 
fig. 162 2 2 

J^pparatus for the Decomposition of Water, small 5 

Large Ditto 18 

Ditto ditto, with graduated tube 1 4 

Small double Decomposition Apparatus, having separate 

tubes for collecting the oxygen and hydrogen gases. . 7 



Large double Decomposition Apparatus, suitable 
for lecture tables or privateexperimentB, £1. Is. 



Fig. 163. 

Large double Decomposition Apparatus, with tubes gra- 
duated into tenths and hundredths of a cubic inch ..110 





Large double Decomposition Apparatus, very su- 
perior, for collecting the separate gases, con- 
sisting of a glass vessel to be filled with acid- 
ulated water, and the tubes being furnished 
with stopcocks, any quantity of gas may be 
collected of either kind, without the necessity 
of continually filling the tubes, £.Z.Z%, 




ELECTRO-TYPE APPARATUS, for procurii 
by galvanic acuoti, perfect fac : ' " 
graved copper-plates, however elaborate ; also 
correct copies of medals, and all kind of n 
tallic ornanienls, 5s., 7s. 6d,, 10s. 6d. 
upwards 

Fig. 170. 

The AppaTBtUB cODbiaU of a icaugh for holding b lolution of sulphate of cop- | 
per, and ail inner voad for the add and naler. The medal tt> be copied should 
first be mouMiid in fusible mclBl, and a wire attached to the mould to catinect with 
the binding srrew. A piece of zinc, amalgamated by washing it with a little dilute 
Eutphuiic add and nibbing the turfice with mercurj, is then suspended in the add 
by anothei'eoppei wire and attaclied to the binding screw ; which, atUi the L^iae of 
a few hours, will produce a perfect fac-siinile of the medaL 

To copy copper plates for priming, as they cannot be moulded, a 
first be taken from the plate and this reversed again, whidi will produce a 
copy of the original plate. 



E^ECTZLO-ZaAGHETZSK. 

Covered Copper Wire, of very superior quality, b long 
lengths, 3s.,4s., 59., 63. 4 83. per lb., according to size 
CErsted'fl Experiment 






Soft iron Induced Magnets, consisting of a bar of soft iron 
bent in the shape of a horse shoe, and covered with 
insulated copper wire, forming, whilst in connection 
with the galvuuic battery, a powerful electro-magnet, 



Soft iron Induced Magnets, with tript 
stand and weight, from 15s. 



Soft iron Induced Magnets, on a veri^ large scale, for sustaini 
eights, particularly calculated for exlubitionsi 



Ritchie's Experiment, consisting of an upright horse- 
shoe magnet on Stand, with sliding pillar to adjust 
the mercury cup, exhibiting the rotation of an electro- 
magnet between the poles of a permanent horse shoe 
magnet, £1. Is. 



s Experiment, exhibiting the rotation belt 
poles ol' a soil iron horse shoe 

Rteclro Mag- 
netic Needle, 
very delicately 

Fig. 175. 



^^r 




Fig. 171- 

Barlow's Rotating Magnet 10 

Palmer's Arrangement, for exhibiting both in one instru- 
ment, mounted on agate cap 1^ 





4 

Fig- 177. 

Fig. 178- Siurgeon's HiHiKing Due, 

Burlow'i Spur Wheel, lis. 6d. Ot. 6i. 

Sturgeon's Apparatus, for opening and shutting battery 
circuit in electro-magnetic machines, best make, with 
levelling screws 1 10 

Mobile Wire Frame, for rotating on the pule of a magnet 5 

Farraday'a Needle, for rotating round the pole of a 

magnet 7 6 

Marsh's Vibrating Wire 7 




Fig. I7B. 
's .Arratigwicnl, lor exhibiting VwiAi 
, IDs. 6d. 



Fig. 179- 

nipcce's Klcclro-Dynninil Cytin. 
ii:i, ■ni'lnDt \n Vist'i flowing 




I Electro- magnetic Machine, forming a powerful and port- 
able apparatus for the application of medical electri- 
city; also a highly iiiteresting instrument for effecting 
decompositions by electro-magnetic power, producing 
brilliant combustion of the various metals with the 
different colored liglits, and admirably adapted for 
experimental research, price £4. 4s. ; or packed in 
mahogany case, with apparatus, exclusive of bat- 
teries, consisting of sponge directors for medical 
electricity, handles for giving shocks, wheels and 
springs for showing the different coloured lights, file 
and wire for exhibiting the combustion of ii 
apparatus for tlie decomposition of water, bundle of 
iron wires, and solid iron bar for increasing or di- 
minishing the shock and connecting wires tor the 
battery G 



Semi-spiral Disc, for connecting 
with an electro-magnetic machine, to exhibit 
the combustion of different metals. This ap- 
paratus consists of a circular metallic disc 
studded with two semi-spiral seto of eight dif- 
ferent metals, having likewise rotating springs 
striking alternately, in their revolution, the 
corresponding metal, £3. Ss. 





Dr.BirU'BSelf-actingElectro-Mafrnetic 
Machine, in mahogany case, £6. 6s. 

Consisting of two upright msgneis, with a 
pimary and Becotiitary coU, ovn nhidi Is fixed 
a brsss beam, having at one end an irdn ball, 
and at the oiher a &k of stout copper wiie, 
dipping into thr two cupa oppoaite the binding 
screws, C.C., bstterji connection being made at 
A.A., and the Ibrk dipjnng into the mercury 
pB B,t C.C. ; the uprigbt iron ban become 
[ongly magnetic. Minuting the iron ball, 
thereby throwing the fork out of the merciuy, 
and bresMng battery connection. 

The iron bare having then lost their magnet- 
ism, the fork falls again into the cupa, renew- 
ing and continuing Ihe former action. For ad- 
minialering medical electricity, the connection 
must be mode as above, and the directors faa- 
crews, B.B- Far showing the combustion of iron wire and 
he wire which connects the two binding screwe, CO., into the 
at in one binding screw a rough file, in the other s piece of 
line iron or other wire ; dian the latter up and down the former, and a beautiful 
combustion will be shown. 

I MagnetO'electrJc Machine, consisting of s- compound 

I horse-shoe magnet on mahogany stand, with two 

t armatures for exhibiting quantity and intensity effects 10 10 OJ 




Galvanometer, with as- 
tatic needles, index, 
torsion key, moveable 
coil, and levelling 
screws, very ddicate- 
Iji balanced, £3. 10s. 



F.g. IQl. 




Fig. 1D2. 



Gamut of Be!ls, on mahogany! 
stand, with Ritchie's experiment \ 
rotating in the centre, carrying 
in its revolution a single clapper, 
which strikes alternately one of 
the bells. This experiment haa 
likewise an electrical whirl to ' 
adapt It to the electrical man 
chine, £3. 3s. 




Pi)[. 195. 
lagnctic Engiaei, tcanx 6 to 20 
guiaeas. 



Pin- 194. 
Model of Saw Mill driven bj dec- Electro 

poweriiii elKlro-mBgnet on 
Btsn'l, with routing armalurr, 
driving in its revolution, liy 
mrons of cog wheels, a circular 
nw, £3. 3a. 
An assortment of Electio-magnctic Apparatus, packed in 
mahogany case, to illustrate the first principles of 



thes 
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Ditto ditto, with larger assortment 5 5 



DKAWZVG IirSTRUKEZrTS. 




Fig. 196. Fig. 107 

Rg. IBS. 
No. 1, Small Set of Drawing Instruments in fish-skin 

case, fig. 196 7s. and 10 

,, 2, Ditto, with larger assortment 16 

„ 3, Ditto, with ivory sectar scale I 5 

„ 4, largest and best Set, in fish-slcia case, complete, 

fig. 197 2 2 

„ 5, Very complete Set, in mahogany case, best make, 

fig. 198 3 3 

„ Best Long Set, with extras 5 5 

^ ' ^ ' ' ' ,^' i f Beam CompuKi, with p«B aad 

'^ pencil point*, from £3, E*. 

Fig. 139. 




TuR)>ii> CempWMf 
with bow hindtei, 
Kal^ and CMC, 
bm, £1. Kb. 

Ditta dittos biirblu 

metal, £1. 13fc 
Bitto dHio, with 
hngthening ban, 
£2. Kk. 



PropDMicmal CompMui, with sdjiuttntM, 
K, £1. 13b. 
ditto, in white tnrtal, £3. Si. 




Fig. 304. FiB.30fi. 

Doublt-jointed Bow 
FcD, with Bliding 
pm and poin^ la 
cue, 18>. lig.«M, 

Bow Pencil!, with 
two eztn jointi, 
I0i.6d.fig.M6. 
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Drawing Pens, common 3 

Sector-jointed Hair Dividers 10 6 

Needle Holder, or Pricking Point 4 6 

Dotting Point with wheels 10 6 

Centre Pieces '3 

Drawing Pins per dozen 19 

C" ilK ■•{[ ^ Crayon Holders, each from l«.6d. 

Fig. ill. 

Parallel Rules from 2 6 

Protractors. Ivory & Ebony Triangles. Ship Cuives. 
Plotting Marquois and Gunter'a Scales. 






Fig. 21!. 
Gunter'a Measuring Chains. 
Pocket Measuring Tapes, 5a., 7s. 6d., 12s., and \5aS^ 

J^BVSrs, COMPASSES, fcn, ! 

Portable Levelling Instrument, with Telescope & Compu^S 
14-inch Troughlon's Level 11 

Ditto, with Tripod Staff 12 

20-incli Troughton's Level 13 

Ditto, with Tnpod Staff 14 

20-tnch Y Levels, with Telescope 16 

Dunipv Level, without legs or compass 12 

14-inch Dumpy Level, witli legs and compass 15 

Common Spirit Levels 3s., 4b., .59., 6s., and 10 
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Round Brau Pocket CompasaeB ....5t., 6«., and 7 

Brasa Cone Compass, in wood caw ...• !,<•■■•• 14 

Brass Box Compass, in gimballs I 




Oilt Pocket Com- 
passes, in leather 
cases, I 
10a. 6 




Maignetic Needle 
aDdStand,3s.6d. 



Fk. nt. 

7-inch best Theodolite, with two Telen^opes 4$ 

6-inch ditto, with one Telescope 28 

Ditto ditto, on the most improred plan, with two 

Telescopes 36 

5-indi plain Theodolite 18 

Ditto, best GODstmction, with tangent screw motion di- 

. Tided on silver ...TA ^ 

Common ITieodolite ** '^ 



Agent fob NEWTON & Co.'s 
TERRSSTRIAL and Ci:Z.ESTXAL OLOBBS. 



ftNo. 1, 
20-iDcli Globes, per pair, on black stained wood 
frames, particularly applicable for schools, j£10. 
Ditto, on neat mahogany frames, for table use, £1 1. 
IS-inchditto, £6 6 and £6 16 6 
12-iDcb ditto, 4 4 and 4 14 6 
9-inch ditto, 2 12 6 and 3 3 
Fig. ai7. 

No> 2, Low pillar and claw inahog;an; frames. 

5-inch, peipair 7 17 6 

12-inch ditto 6 10 

9-inch ditto 3 13 6 

6-inch ditto 2 12 6 

3-inch ditto 2 2 

No. 3, Chair-htgh plain mahogany pillar and claw frames, 
with compass boxes. 

llSO-incli Globea, per pair 14 14 

inch ditto, ditto 9 9 

• 12-inch ditto, ditto 6 6 



No. 4, Chair-bigh best carved mahogany pillar and 
ckw frames, with compass boxes and double hour 
circles, complete. 

20-inch Globes, per pair, £15 !5 

l£-iDch ditto ditto 10 10 

12-inch ditto ditto € 16 6 




No. 5, Very handsome carved tripod frames, of 
best Spanish mahogany, with double hour 
oircles and compass boxes, complete. 
20-inch Globes, per pair, £18 18 
15-inch ditto ditto 12 12 
12-inch ditto ditto 7 10 



Fig. S30. 
iGlobes, of all si 



Globes, on neat mahogaD;r pedestals. 

9-inch 1 I I 4i-inch , 

6-inch 13 I 3-incli 

Globes, on rosewood pedestals. 

6-inch 13 fi I 3-inch 

4i-inch 10 | 2-inch 



i, mounted in superior frames, to order. 



ORRSR'SB. 




B^anual Planeteriums, showing the Planets and their Sa- 

I, tellites from £1. lOs. to 5 5 

I Tellurians, showing tb-, obliquity of the axis of the Earth, 
the motion of the Earth and Moon, and the Planets 

Mercury and Venus from£3. 3s. to 6 6 

^Complete Orrerys, showing all the Planets and their Satel- 
lites, with the diurnal and annual motion of the earth, 
also the motion of the moon and the inferior planets, 
set in motion by a winch handle . .from £10. lOs. to 21 
I A very superior complete Orrery, representing the diurnal 
and annual motion of the Earth, the motion of all the 
Planets, and showing the Sun revolving on its axis. 
The whole mounted in a globe frame, 31 iuches in 
diameter, and actuated by clockwork 52 10 



OPTICAI. INSTKnUBNTS. 




I Gold Spectacles 



^ 



I 
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Fig. 923. Fig. 33t 

Best Eingle-jointed Gold Spectacles, with picked Brazil 

pebbles, fig. 223 3 10 

Ditto double ditto, fig, 224 from 4 

Best double-jo'mted Silver Spectacles, with picked Brazil 

pebbles, fig. 224 I 10 

Ditto, with glasses, 1 

Single-jointed ditto, with pebbles, fig. 223 I fi 

Ditto ditto, with glasses from 15 

Best blue steel ditto, being very lighl^ 

wear and strong y from 10 

Ditto ditto, with Brazil pebbles..) 1 

German-silver Spectacles from 7 

Best Torioise-shell Spectacles from 9 

Steel Spectacles from 3 

i^^f '^^^ f^^^ ^^9^ Speclades adap 

Fig. 326. Figi S26. for routing and 

French pattern aoM Eye Pxaervtxa, public speakings 

blue Bleel Specla. mounted with the new pacticularl; ault- 

elei, 18& neutral imlglBM, from Bble for Clergy- 

2Sb. aiea,&c.fjrDml8i 

F^ 228. Fig. 328. 



Q 



;} 



,,,. _ Gold fbldnig hand 





Fig. 330. I'ig- 23 

Gold and pearl folding Hand Spectacles, figs. 230 & 231 . 
from £3. 3s. lo ( 



&& 

Stiver foldJRf Hand Spectacles, Rg. 339 from I8». to 1 

Silver and pearl folding Hand Spectacles, figs. 230 & 231, 

from £1. 10s. to 2 10 Of 
Silver and tortoiseshell folding Hand Spectacles, figs. 230 

and 231 from £1. Is. to 2 

Gilt folding Hand Spectacles, with gold mountiogs and 

double springs 2 10 Oj 

Ditto, with pebbles 3 

Silver folding Hand Spectacles, with double apringa .... 1 10 
Ditto, with pebbles 3 

Gold single Eye Glasses, in great variety, from'fl 
/ I8s. to £3. 3s. 

Figi.233, 933, 234. 

Silver ditto from 58. 6d. to 13 0| 

Tortoiseahell Eye Glasses from 

Horn ditto 

k Reading and Burning Glasses, in a varietn 
^ of mountings, from 2s. to £2. 10s. i 

Fig. 235. Fig. 236. 






Fig. 237. 
Opera Glasses, 

and 239 

Convex and Concave Mirrors .from 



variety of mountings, figs. 237, 238, 




Wollaston's Camera Lucida, for drawing ob-J 
jects in true perspective, in case for th»| 
pocket, £1. IDs. 




« \ mtrma, £S.S». 

PotWble Camera 
ObscuTB, 4i. (Id., 
10a. lid., to £3,31. 

Pig. 241. Fig. 24a. 

Glais Prisms, 4a., 5e,, and upwards 

PERSPECTIVSS and TEX-ESCOFES. 

9 ft Perspectives, with 1 draw, fig. 243, l».6d- 

e ' 11 ft Ditto, 2 dttlu.ag.244, 28.6d. 

■I A F ^"-^^ ^ ditto, fig. 245, 3s.6d. 

H V Jl Ditto, 2 ditto, and co- 

Hl ^1 H vered ends 5s. Od. 

FlgL 243, 244, 243. 

Common Telescope, witli 2 draws from 12 

MILITARY TELESCOPES. 
BBnZEl^. Jf 7""i f ~^ Pig. 340. 
Fl? inches long when open, with 6 draws, and closes to 

I 4 inelica 1 

I *54-inch ditto ditto, and closes to 5 inches 2 

MAHOGANY-FRAME ACHROMATIC TELESCOPES. 

18 inches long when open, with 2 draws, and closes to 

8inche» 18^ 

20-inchditto ditto 1 | 

28- inch; ditto ditto, closes to II inches 1 10 

n-inch ditto, with 3 draws, closes to 5J inches 1 10 

B8 Fig. 248. 
, . 24-incli Achromatic Telescope, with 3 draws, closes 

to "i inches 1 isfl 

I 30-inch ditto, with 4 draws 2 lo| 

I 42-inch ditto, with 4 ditto 4 ' 

ACHROMATIC SHIP and PILOT TELESCOPES. 

\ Fig. 3*9. 

, Day or Night Achromatic Pilot Telescope, with 1 , 2, o 
3drawt ^niro\%».\ 
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Day or Night Achromatic Pilot Telescope, with shade 
tube, best make ^ 3 

Day or Night Achromatic Ship Telescope, with 1 draw 
and shade tube, best make, fig. 249 3 

WALKING-STICK TELESCOPES. 



3 
3 




Fig. 250. 

12-inch, 1 draw , 1 10 

Ditto, 2 ditto 1 15 

Ditto, 3 ditto 2 2 

18-inch, I ditto 1 15 

Ditto, 2 ditto 2 2 

24-inch, 1 ditto 2 2 

Ditto, 2 ditto 2 5 

Ditto, with compass 2 10 

18-iuch containing various instruments • 6 6 

VERY SUPERIOR TELESCOPES, 
Adapted for either Astronomical or other purposes. • 




Vi^ 251. 

18 inches long, with rack and pinion, on stand, • . 8 8 

30-inch ditto 12 12 

Ditto, with vertical rack • • • • > 14 14 

Ditto, with vertical and horizontal rack « 21 

42-inch, with rack and pinion • 30 

Ditto, with vertical rack • • • 32 

























42* inch, 
with vertical 
and horizon- 
talrack,£36. 
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~l^P£ECTIirO TSI.BSCOrBS. 

One-fool Gregorian Reflecting Telescope on stand, packed 

ia mahogany caie, speculum 2J inches diameter. .. . 6 6 

One-foot and a half ditto, speculum 3 inches diameter ..11 1 1 

Two-feet ditto, speculum 4 inches diameter ....16 16 

Ditto ditto, nith rack-work motion ....25 4 

Three-feet ditto, with speculum 5 inches diameter, and 

rack- work motion 42 

Ditto ditto, with speculum 6 inches dinmeter, od 

tripod stand, and rack-work motion 68 5 

Four-feet ditto ditto, with speculum 7 inches diameter 105 
Seven-feet Newtonian Telescope, with speculum 6 inches 

diameter 105 

Ditto ditto, with speculum, 7 inches diameter. . . 126 

Nine-feet ditto, with speculum 9 inches diameter 210 




MICKOSCOPES, dbC. 

Gould's Improved Compound Microscope, in case, 
with apparatus, complete, £1. 15s. 

This MicroKup« i> Tecammeaded (o iha naluraliel, miiu- 
alogiit, and botaniil, for its extreme porlabiUty and high m^. 
olf^ing power, bang cufficieit to dtBcoTet Ihe most minute aui- 
malculie, iceil \essdt, dx. It hu nko the uKt of ihe linHle, 
compaucd, opaque, and aquatic MUtSMopcs. 





Pig. 365. Fig. 2Ge. 

Largei improved Com- Third-iiie ditto, *Jib 
pound MiciOECope, con- joliit for the conveni- 
taining in addition to ence of elatiling the 
the abore, condenui &. Micnuoope, contaja- 
lilTciipixulmn for opa- ing condouei and t 
que object*, £3. 3«. eHici tpMulnnu, 
SJb. 51, * 





Pillar MiCTOScopc, fig. 257, 
Willi folding tripod foot, for 
the con venienrt! of picking ; 
tont«ning Dr. WoUmIod'b 
doublet, in addition to ihe 
otherpowera,Bj)paratiu,&e. 
in neat tntthogEnv cose, 
fig. 258. £10. 1(H. 



Fig, 357. Fig. 258. 

Extra-large very superior Microscope, with tangent screw j 

for very delicate adjustment, moveable stage, 2 cod- 
deuBers, frog plate, Dr. Wollaston's doublet, 2 silver 
specujums, plain and achromatic lenses, a variety of 
transparent and opaque objects, apparatus, &c, ; the 
whole packed ia a neat mahogany cabinet, price . . 35 

Dissecting Microscopes, verysuperior from 10 10 



■ Small Microscopes 
glass body, in case, 





Fis, 262. .„.,,„. 

Flower MlcmxapeB, copes, with thice 
' £40. 7s.0d. and 108.60. powem, lOt. 



W folrt foi 



Pig. 366. 
Magnifyii^ Lenae* for 
the pocket, ftom 3*. 



"S""J'"g iieuacs, wiui J [JUweiB, win 

be used separately or together, from 5 




■« 



Stanltope Lenses, in wlirte 
metal, 33.6(1. and 4s.6d., 
fig. 269, 270. 



Stanhope Lenses, mounted J 
lOs. 6d. 



Fig. 271. 



bolhcr 



Thin useful and ingcnioui Mlcroacopic Lena Is the invention of Lord Staobopc ; 
id convex, the one next the eye rather mure so thim die othet. Ii 
ens : foi Instance, the ilifficully of lioldios 
e lo&B of light and anuill Geld Bttendant %m 
viewing wilh a'high m^niljing power are here obviated ; for, the length of ihe Cy. 
Under being the exact focns, the object bus onlji to be placed upon the end thai is 
ground leu convex, or to be brought in contact with It, oiien the advanli^ of great 
magnifying power will be obtuned, with a field of nearly five inches — equal u 
many of the Campound Microscopes. 

The poitabilitf of this ImUTuroent, its low price, and the ladlily with which it 
can be used, must recommend It strongly to all who use Microscopic Lcnsca, With 
tt may be viewed the anlmalculea in water, mites Id cheese, eels in paste and Tine- 
gar, the pfTspirstion, human hair, farina and leaves offlDwets, the hairs of animali, 
Ihe down nf 1uatht^ &c : and, if a single drop of the cryetalliw''i» of talis be 
spread lightly over the end of the Lens, and viewed without delay, the formatloa of 
the crystals will be bcaatifully apparent. 



Best Silver Stanhope and Coddington Lens, in case .... 

Coddin^on'a Spherical Lens, mounted in German silver, 
for thepockel, paTlicuVM\^ ad%^\.ed(ox viewing mine- 
rals, opaque and lianapa.ten\. oVi^ttt 








Coddington's Spheri- 
cal Lens, in silver, 




' F^. 272. ~ Pig- M3. 

Palmer s Improved Portable Oxy-Hydrogen Apparatus 
and Microscope with prepared objects, complete. 




Fig. 274, 

The Microscope is capable of showing various objects, magnified 
on a medium of from ten thousand to two million times, 
price £35. ; or, without the Microscope, £20. Fig. '274. 

E. PALMER begs to submit the following splendid Apparatus 
to the attention of Lecturers, Schoolmasters, and Scientific Gentle- 
men, as hy far the most portable and convenient Apparatus of the 
kind hitherto invented. 

As an AppuTtensDce to the Laboruory, it will be found exceedingly uMinI, not 
onlf for the production of Inlenic heat and light, but aim for aisny of the manipu- 
litiODS in Pneumatic Chemistry, which uBunlly requlie expEoaiTe Appaiatui, \trge 
quantities of watsj and much room. 

To the sdanlific Leciura it ia an Apparatus of gieal value, as ii enables him 
to exhibit la an audience many veiy interesting and hcauliful phenomena connected 
with the TdiiouB Suencea ; and also to illuniinal« diagrams fuT Uie illuBtialiun of Lec- 
tuTci on Astioiiomy and Natural History. All daiigci being obviated bjr the Gaae« 
bein); kept in Ecparute vessels, which, when charged, contUD Hydrogen enough 10 
Ian half an bour, and Oxvgrn enaugh (0 lost one hour, and by limply turning a 
cotk^ the Hydrogen vewel may be repIeniibeU. 
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Oxy-liydrogen Microscopes, filled up on a larger? 
to£10U. 

Turned Cylinders, of very superior hard lime, prepared for the 
Microscope, 9s. per dozen. 

OBJECTS FOR MICROSCOPES. 

Set of nine ivory Slides, with four opaque objects on each, 

io leather case 15 

Set of six ditto, with four transparent objects on each, in 

leather case S 6 

Set of BIX glass Slides, with very delicate test objects, in 

case 7 

Set of 40 glass Slides, each containing a diSerent object, 

in leather case 10 6 

Set of 50 ditto, arranged in different partitions, in maho- 
gany case 18 O 

Set of six double glass Slides, containing IB sections of 
the following woods, oak, ash, elm, willow, beech, 
and horse-chesnut, in case 10 6 

Set of twelve ditto, witli 36 sections, each slide containing 

three ditTerent cuttings ] 

Set of six glass ditto, containing specimens of aea-weeds 

and botanical objects. In case 7 

Set of six ditto larger, with a great variety of objects, in 

case 12 

Sot of 12 ditto larger, for Solar or Oxy-hydrogen Micro- 
scope, in ease 2 2 

Set of six Objects preserved in Canada Balsam, incase.. 12 

Set of 12 ditto ditto 1 1 

Large Balsam Objects, for Solar and Oxy-hydrogen Micro- 
scopes, from Is. 6d. to 5s. each. 

Sections of Fossil Woods for the Microscope cacli 4 

Theie «ectioiiB are nil so thin, that they readily tiinamil the light throup^h (htm, 

ani show the (una and dlFpatltioD of Ihe voody fibre, vasculu timue, iDedullaty 

nja, glanda, pith, Slc Ac. 

rO^ARIZATIOir OF £ZGBT. 



Apparatus to show the beautiful and extra- 
ordinary phenomena of Polarized light, 
upon an opaque or semi-traaaparent 
screen, consisting of brass work with 
condensing lenses, and a polariscope, 
with tourmalines and series of difi»-eot 
crystalline polished plates in ivory slides. 
By the light obtained in the combustion 
of lime with oxy-hydrogen gas, may be 
exhibited on a screen the splendid co- 
loured rings, &c., £9. 

F,g.27B- 

PoJariscope, in rosewood 2 10 

J Polarizing Eye Pieces.. •••• 5 

tDouble Image Pi'isms, of caYcanout sv^t voaL ^%t.% <1 \<^ 





Fig. 27<*> Pig,2B0. Fig. 201. 

Six Cuannealed Glasses, for showing the tints of polarized 

light, figs. 276—7—8—9—80—1 1 

Selenite Deal gas 







P«. !88. Fig. 289, Pig. i»0. 

Six-pointed Star, fig. 282 

Shamrock with motto, Erin-go-bragh, fig. 283 

Superposing Stars, 16 rays, fig, 284 

^e Flower Forget-me-not with motto, fig. 285 

"-Mp, fig. 286 

"le with motto, Diana Forget, fig. IM 
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Selenite Slide for exhibiting the Newtonian colored rings, 

fig 288 10 

Rosette, fig. 289 14 

Selenite Wedget, fig. 290 7 6 

Pansy with motto, Heart*8-ease 1 

Crosses and Discs of various colors^ for superposing, each 10 

Selenite Windows from £3. 3s. to 40 

MZSCEX1X.ANEOUS APPARATUS. 

Apparatus to show the Bude Light, from 3 3 




Wollaston's Apparatus to illustrate the principle of the 
Condensing Steam Engine, 7s. 6d, 



2 





4 





14 





2 






Fig. 291. 

Models of Locomotive, Condensing, and High Pressure 

Steam Engines from i^lO. lOs. to 50 

Cabinet, containing 144 carefully selected Mineralogical 

Specimens, arranged according to Phillips 2 

Ditto ditto, with 192 larger specimens 4 

Ditto ditto, with ^36 specimens 14 

Cabinet, with collections of Geological Strata, from .... 2 
Selected Minerals named for blowpipe, or other ex- 
periments, in cases of 60 and 80 each, 128. and 15 
Larkm's set of Geometrical Solids, consisting of 32 

figures, in boxes each 7 6 

Binding Screws for Voltaic Batteries, Is, 6d. per pair, or 

per dozen 15 

Ditto ditto, 2s. 6d. per pair, or per dozen .....••..,•. 1 4 
Magnets, single and componnd, from Is. upwards 
Porous earthenware pots, 6d. lOd. and Is. each 
Photogenic Paper, Is. and 28. 6d. per packet 
Fixing liquid tor ditto, in bottles Is. and Is. 6d. each 
Photogenic Drawing Boxes, containing paper, fixing 

liquid, sponge, glasses, and cushion, 78. 6d. and 110 










Reid's mouth'piece for inhalmg the nitrous oxide or 
Laughing Gras, 2s. 6d. 



Fig. 292. 



BATTERIES AND APPARATUS 



FOR 



ELECTR O-METALLUR GY. 



amiaia^s 



ChemicO'Mechanical Batteries. 



Single Voltaic Batteries, from Is, 6d. upwards. 

Battery, consisting of Six 21b. Pots, in Tray, particularly adapted 
for the Electro-Metallurgist, £5. 5s, 

Batteries, mounted in Wollaston*s Troughs, as recommended by 
Mr. Smee, for Electro-Gilding, £5. 5s. and £6. 10^. 

LARGER BATTERIES HADE TO ORDER. 



Small Single^CeU Apparatus for Medals, 5s. 7s. 6d. and 

\0s. 6d. each. 

Apparatus with Battery, by which fac-similes of a number 
of Medals may be taken at the same time, 30s. 



APVAlULTm rOS V&ATS8 or A&& 8ZZBS BKiLDB TO OSBBR. 



SULPHATE OF COBPER, FUSIBLE METAL, AND PLUMBAGO, OF 

THE BEST QUALITY. 




i^^s^^s^k^^^tim»0*^*^m0*mKt^mmm 



«^^ 



MESSRS. LONGMAN, ORME, & CO.'S 



OF 



mb) mioxu $c m^ mauon^. 



October 1840. 



THE POETICAL WORKS OF THOMAS MOORE, ESO. 

The first uniform Edition, collected and arranged by Mr. Moore, with new 
Notes, Prefaces, &c. Vol. I. To be comprised in Ten Monthly Volumes, with 
Frontispieces and Vignettes by George Jones, Esq. R.A., and Daniel M'Clise, 
Esq. R.A., price 5s. each, handsomely bound in fancy cloth, lettered. 




SPORTING SCENES AND COUNTRY CHARACTERS. 

By Martingale. 1 vol. post 8vo. beautifully embellished with Wood 
Engravings in the highest style of art. and handsomely bound in a new style, 21s. 

ECCLESIASTICAL CHRONOLOGY ; OR, ANNALS 

OF THE CHURCH, from the Earliest Times to the present, arranged in 
Eight Periods, with a minute specification of Dates ; comprising a view 
of Secular History affecting Ecclesiastical Interests — ^The Limits and Relations 
of the Church — General Church History — Doctrine and Controversies— Rites 
and Ceremonies — Institutions — Discipline — Sects and Parties — Ecclesiastical 
Writers and Literature, with particular references to the Church Histoiy of 
Great Britain ; to which are added, Lists of Patriarchs, Popes, and Archbishops 
of Canterbury, and of Councils. By the Rev. J. E. Riddle, M.A., Author of 
*' The Complete Latin Dictionary," &c. &c. 1 vol. 8vo. 

HOR^ PAULINJ; OF DR. PALEY, IN A MORE 

correct Edition : illustrated by a continuous Narrative of the Apostolic Labours 
and Writings of St. Paul, on the basis of " The Acts," with additional matter 
of Sacred History, supplied from investigation of ** The Epistles ;" and 
shewing, by a new method, the Connection of the Epistles with the Acts. By 
J. Tate, M.A. Canon Residentiary of St. Paul's. 

THE SICK-ROOM; OR, INOUIRIES CONCERNING 

the Domestic Management of Sickness, in Aid of the Medical Treatment. By 
Anthony Todd Thomson, M.D. F.R.S. &c. 1 vol. post 8vo. 

THE SCIENTIFIC AND LITERARY TREASURY : A 

Popular Dictionary of the Belles-Lettres. By Samuel Maunder, Author of 
** The Biographical Treasury," 8cc.—See pa^e l5. 

THE MATERNAL MANAGEMENT OF CHILDREN, 

in Health and Disease. By T. Bull, M.D. Author of " Hints to Mothers, &c. ;" 
Lecturer on the Diseases of Women and Children, &c. 1 vol. fcp. 8vo. 78. cloth. 
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V NEW n-ORKS AND NEW EDITIONS 

THE WORKS OF THE REY. SYDNEY SMITH. 

2d Edit. 3 vols. 8to. with Portnut, 36s. oioth Irtlerad. 
**• The Portrait maj be had trpoTaiely, 5a. ; proofs, It. 6d. 

LIFE OP Tiros. BURGESS, BISHOP OF SA1I8BURT : 

inolading i Sekction of LsCtors Bddreiitueil to him bj maa; dutingniahed Contein- 
poraries. By J. S. Habford, Eb<|. D.e.L. F.R.S. 1 vol. 8to, mth Portnut, 
16«. doth, ^__ ^_^ 

A DICTIONARY, GEOGRAPHICAL, STATISTICAL, 

AND HISTORICAL, of the narioas COU>JTRIES. PLACE.S. aiid principBl 
NATURAL OBJECTS in the WORLD. By J. E. M'Ciii.i.och, Esq. 
Bvo. Puts 1 to 8, price 5i. each, illuiCrated with ExcuUenC M&ps, Stc, 
" AHorkthicb proboWy no other nisn woald be able Id produce."— Mo sth it Rct. 

VISITS TO OLD HAllS, BATTLE FIELDS, 

■nd Scenes illustnliTe of Hriking PaesageB in English Hiator; and Poetry. By 
William Howttt. Med. 8vo. »-ith nearly 40 llluatrations on Wood, desigiicd 
and executed by Samuel WiUiama, One Guioes, cloth lettered. 
BrtheBanicAnlbar, 

THE BOY'S COUNTRY BOOK j being the Real Life of a Conntry Boy, 
written bj Himself. Fcp. Hyo. nearly 40 Woodcuta by Willinme, Ss. cloth leU'd. 

THE RURAL LIFE OF ENGLAND. New Edit. med. Svo.nnifonn with 
the " Viails to Old Halls," trith WoodcntB by Bewick aad WillianiB, 21b. cloth. 



NICHOLSON'S CAMBRIAN TRATELLER'S GUIDE 

in every Direction. Third Edition, reviaed by his son, the Rer. E. Nichui,sok. 
1 thick vol. B»o. 20i. 

DR. ELLIOTSON'S HUMAN PHYSIOLOGY.— 

Parti, 10a. .6d. i Part 2, 14s. i Part 3, jiu( rsbly. The whole forming one 
large volome, 8to. 

LOITERINBS OF TRATEL. b, n. p. w„.m.. e.,. Auihor rf 

" Pcnoilliags bj tUe Way," Sic. «:r. 3 veils, poat Bvu. i'l . 1 1b. 6d. 



TRATOLS m GERMANY AND RUSSIA ; i«i«di,« 

a Steam Voyage, by the Danube and the Eniine, from Vienna to Conslantinople. 
ByADOLPUtiBSLADE, Esq. R.N. Author of " Records of Travels in the East," 
'■ Turkey, Greece, and Malta," Sic. &c. 1 toI. 8so. 15i. cloth lettered. 

CAPTAIN MARRYAT'S DIARY IN AMERICA. 

The Second and concluding Part ; with CANADA, and the preseut Coaditioa 
of the Indiana. 3 vole, post 8ro. with Two Mapa, 31a. Sd. 

CAPTAIN MARRYAT'S POOR JACK, with iiiu,t«tion, by 

CLABKaoN StanfielI), R.A. Nob. I, to ID, Is. eocb. 




PUBLISHED BY LONGMAN, OBME, AND CO. 3 

A DICTIONARY OF PRTKTING. BY WM. SAVAGE, 

Autiior of H " Treatise on the Preparation of Printing Ink, both Black and 
Colonred," &c. Nos, 1 to 6, 8vo. Is. fid. 

" A> n work of ([incral information, it« pagsB are crowded with useful material not eaatty 
W be toel with elsewhere."— Mkthopo lit* N Maoiiine. 

THE KING'S HIGHWAY : a novel, bj g. p. r. jam»s, 

Eiq. 3 Tola, pout 8to. £i. lis. ed. 

By the same Author, 
A HISTORY OF THE LIFE OP EDWARD THE BLACK 

PRINCE, and of vorinna Eveata connected therewith which oconrrad during tha 
Reign of EdwMd III. King of England. New Edit. BtoU, fcp. Map, 15a. cloth. 

THE DOCTOR, ^ ' 

" We cannot look into » ] 
humour and literature is ao 



unilant. 



— EXAHtNll. 



AN ABRIDGMENT OF MALTE BRHN'S AND BALBI'S 

SYSTEMS OP GEOGRAPHY ; compiled from the originid Works, as weU as 
from the French Ahridgment and EngUsh Tranalatioiui of Malte Brun, with a 
csrefiU comparison of later Aothoritiea, containing namerous Tables of Population 
and Statlstica : together with much important informatioa of a date subsequent to 
the publicBtioD of the French Editiong. Part 1. Sro. price 6a. To be completed 
in FiTfi Parts. 

A TOUR m SWEDEN IN 1838; COMPRISING 

OBSERVATIONS ON THE MORAL, POLITICAL, AND ECONOMICAL 

STATE OF THE SWEDISH NATION. By S. Lainb, Esq. Bto. 12a. cl. 

By the same Author, price Us, Snd Edit, of 

THREE YEARS' RESIDENCE IN NORWAY. 



LIFE OF FREDERICK THE SECOND, KING OF 

PRUSSIA. By Lord Dover. 2d Edit. 2tola. 8yo. with Portrait, 283. 



HISTORY OF ENGLAND FROM THE EARLIEST 

PERIOD TO THE DEATH OF ELIZABETH. By SBAaON Turnbb, 

Esq. F.A.S, R.A.S.L. ic. 12 vols. Bvo. JtS. 3s, cloth lettered. 

The above may also ha had in the following separate portions ; — 

Utstory or THE Anslo-SaxonS! comprising the History of England from 
the Earliest Period to the Norman Conquest. 5th Edit. 3 vole. Svo. £2. 5s. 

History OF EHBLANn DDBiNO the Mirdle AOEti ; comprising the Reigns 
from WUIiaro the Conqueror lo the accession of Henry VIII. ; and also 
the History of the Literature, Poetry, Religion, the Progress of the Refbrma- 
tioD and of the Language during that Period. 3d Edit. 5 toIb. Sto. £^. bds. 

lliBToar o» THB Reios Di' Henri- VIll. ; comprising the Political History of 
thecommencement of the English Gefonnation: being the ;Rrst Part of the 
Modern History of England. 3d Edidou, 2 rols. 8iu. 26s. basrdji. 

HiaTDRV or tub Reigns or ErwARD VT., Mart, jl-^o Elizabeth ■- being 
theSecondPartofthe Modem History of England. 2d Edit. S vol 
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NEW WORKS AND NEW EDITIONS 



ON FEMALE IMPROVEMENT, bj m™. johm sandfobi,. 

2d Edition, 1 vol. fcp. 8vo. 7b. 6il. tloth. 
"Mrs. Sandford's Dbsfrvations appear to be the reanll of eiperifnce snd mstore 
•d by uuiabdily aud jDod Benae, pervaded Willi a strong 



ins-"- 



WOMAN IN HER SOCIAL AND DOMESTIC 

CHARACTER. 5th Edit. fcp. Bto. 69. dolb. 
" It i» the nniJIfSt TECOmpoiiM we can mike for the pleaanre we have eiperif need from 



it for 



jg Uily."- 



■laHGuAM 



PROGRESSITE EDUCATION. Tranalated from Uio French ot 

Madame Neckeil de Saussurr, by Miss Hollanu. 2 voU. fop. Svo. 12g, 
cloth lettered. 
" II i> »ortliy ibe altPntion and Berionsjienmal of everv teacher, eTery pareut, everr 



LIFE AND ADMINISTRATION OF EDWARD, FIRST 

EARL OF CLAKENDON. With original Correspondence and anthentic 
Papereneverbeforepohliahcd. ByT.H.LigrEH. Esq. ;tTOlB.8yo, Portrait, 48b. 

LACON; OR, MANY THINGS IN FEW WORDS. 

By the Ret. C. C. Colton. New Edition, 8yo. I'is. cloth. 



DESULTORY THOUGHTS AND REFLECTIONS. 

Bj Ladj Blebbijigton. 2d Edition, fcp. Bvo. 4b. cloth Ictlered, gilt edges. 



TEA- ITS MEDICINAL AND MORAL EFFECTS 

By G. G. SreMQND, M.D, Fop. 8tu. 5a. cloth lettered. 



POLITICAL ECONOMY; IN WHICH THE ELEMENTS 

OF THAT SCIENCE ARE FAMILIARLY EXPLAINED. 7th Edition. 

revised and enlarged. 1 vol. fcp. Svo. 7e. fid. cloth Icttcrett. 

VEGETABLEPHTSIOLOGY; COMPREHENDING THE 

ELEMENTS OF BOTANY, WITH THEIR APPLICATION TO AGRI- 
CULTURE. 3d Editioti, 1 vol. fcp. Bvo. with 4 Plates, Ua. cloth lettered. 

LAND AND WATER. 2d Edition, revised and corrected, with . 
coloured Map, showing the Comparative Altitude of Monntains, 1 vol. fep. B»o. 
5i. 6a. oloth lettered. 

NATURAL PHILOSOPHY; IN WHICH THE Ele- 
ments OF THAT SCIENCE ARE FAMILIARLY EXPLAINED, AND 
ADAPTED TO THE COMPREHENSION OF YOUNG PUPILS. 9(h 

Edition, enlarged and corrected, with 33 Eugraviogs, fcp. tlvo. ] Ob. fid. tloth. 

CHEMISTRY; IN WHICH THE ELEMENTS OF 

THAT SCIENCE ARE FAMILIARLY EXPLAINED, AND ILLUS 
TRATED BY EXPERIMENTS. 1.1th Edition, enlarged and corrected^ 



BY LONGMAN, ORME, AND CO. 



CiKagc, S^antt SFalumij, Jtural flEcoiioiiTp, Sit. 

ILLUSTRATIONS OF THE BREEDS OF THE 

DOMESTIC ANIMALS OF THE BRITISH ISLANDS: consisting of a 
Series of Memoirs of tbe Breads of the 

HORSE, (he OX, the SHEEP, the GOAT, and the HOG. 
Bf David Low, Esq. F.R.S.E., FrolcBaor of Agricniture in the Universrtj- of 
Edinburgh ; Member of the Royal Academy of Agriculture of Sweden, &c. 6(C. 
With beautifully coloured Plates, from a Series of Fortniits, eiecuted for the 
Agricultural MuBeum of the Universitj of Edinburgh, by Mr. Shield, of the 
Royal Scotch Academy. Allaa 4to. with Four beaurifljily coloured Plates each, 
Parts 1, 2, 3, and 4, price 21a. each. 

•,* To be continoed every Two Months. 
PiRTl.— THB OX. Part*.— THEOX, Parta, 

Pabt 2.— the sheep. Past S.— THB SHEKP, Part i. 

Fabt 3.— the hog. Pabt fl.~THE HORSE, Part 1, {Deeimier lit.) 

"Mr. Low's work Is jot up in a style in esery way worthy o[ the subject, and is justly 
entitled to rank u u utlioiuil work."- Ath en sum. 

at object of tbia work is to place bsfore tbOBe nfao are inlereited in the Im- 



ivement of onr cattle, & 
__ flemecits mayhf huHp 
From the style i 



ittruvloK 



ited, and Ibe ' 



le knowledge of our vs 



deicrlplions of Profeaaor Low, Ibis splendid 
library of every nolileoian and rentleman iu tl 
so iutimatsly connected with Britisb agrlcultu 
breeds of cattle."— Mare Lane Expauss. 

Just published, by the same Author, 

ELEMENTS OF PBACTICAl AGKICTJLTURE; 

comprehending the Cultivation of Plants ; the Husbandry of Domestic Animals ; 
aod the Ecunomy of the Farm. Third Edidoo, witb Additions, aod above ZDl) 
Woodcuts, 1 vol. 8vo. 18s. clotb lettered. 

" No work on asricallure baa appeared in oar time wblcb nillbearacomparisan nlih 
tbia eicelleut, and we would say claBsieal, work of Proftssor Low. It wilf become the 
manual of practical aicricullure for the British empire ; and the judicious practical rules 
stionablr prove beneficial to the a^culturidtB 



of other countries, "- 



ion New Phil 



BATLDON'S ART OE VALUING RENTS AND 

TILLAGES, AND THE TENANTS EIGHT OF ENTERING AND 

QUITTING FARMS, explained by several Speoimena of Valnatioi 
Remarks on Che Cultivation pursued on Soils in different Situations. Adapted 
to the Use of Landlords. Land .\genta. Appraisers, Farmera, and Tenants. 5tb 
Edition, re-written and enlarged, by John Donalospn. With a Chapter oa the 
Tithe Commutation Rent Charge, by a Gentleman of much experience on the 
Tithe Commisaion. Sid. IDb. fid. cloth lettered. 
" Re-written by one of the beat practical BKriculturlBts io the country. "—Gabd. Mao. 

THE ROSE AMATEUR'S GUIDE ; containing ample Desoriptiona 
of all the fine leading Varieties of Roses, regularly claased in flieir respective 
Families [ their History, and Mode of Culture. By T. Ritebs, Jun. Second 
Edition, with Altemtioas and Additions, 1 vol. fop. Sio. price Ga. cioth, lett'd. 

*,* Among the additions to the present Edition will be fuund, full DirectionB 
for Raising New Rosea from Seed, by modes never before published, appended to 
each Family ; Descriptioos of the most remarkable New Rosea lately introduced ; 
an Aiphabetital IJst of all tho New Rosea, and of the Sbow Flowers. 



fl NEW WORKS AND NEW EDITIONS 

WORKS ON TILLAGE, Bu:.— C'miimufd. 

SIR HUMPHRY DAVY'S AGRICULTURAI CHE- 

MISTRY. With Notea bj Dr. John Davt. 6th Edit. 8vo. with 10 Plata, 
15s. clotli lettered. 

Contents.— InCrodnction — The General Powers of Matter which influence 
Vegetntidn — The Oganiiation of Plants— Soita— Nature and Constinition of the 
Atmosphere, and its InHuenee on Vegetables — Manures of Vegetable and Animal 
OH^n — Manures of Mineral Origin, or FobbH Manures — ImproTement of 
Lands bf Burning — Eiperimenti on the nutritive qualities of different Gresaes, ihc. 
"The onlj pmclical work on the nibjecl."— BKi.i."a Mbbsemuki. 

THE VEGETABLE CULTIVATOR; CONTAINING 

A PLAIN AND ACCURATE DESCRIPTION OP ALL THE DIFFE- 
RENT SPECIES AND VARIETIES OF CULINARY VEGETABLES, with 
the most approred methods of Cultivating and Cooking them. By J. Rogkos, 
Authorof "The Fruit Cultivator." Fcp, 8vo. /s. clnlh lettered. 

A PRACTICAL TREATISE ON THE CULTIVATION 

OF THE GRAPE VINE ON OPEN WALLS. By Clburnt Hoabb. 

NeT Edition, nth Additions, 8ta. 7e, (id. cloth. 



Botawp, Natural giStot-p, &i. 

By Sin WILLIAM JACKSON HOOKER, K.H. LL.D. 

Rigi%t Pn/Bmar of Balnin in the Univcrsils ofOI-agaw, 9<v 

THE BRITISH FLORA; COMPRISING THE 

FLOWERrNG PLANTS AND THE FERNS. 8.o. 4lh EdiHon. with 
PUtes, containing 82 Fignrea, illustrative of the Glasses and UnibeUlTeroiis 
Plants, 12s. ; oreolnared, 16a. 

*t^ In this edition all the newly-discovered Species are introduced. The 
LinnKan arrangement is foUowed in the body of the work ; hut in the Appendix 
are given the Characters of alt the Natural Orders, with a List of the Genera 
referring to the pages where they are described. 
Vol. II. Part 1, of the above (CRYPTOGAaiA), Bvo. 12s.— VoL II, Part 2 

(Fdhgi), eompleting the work, bj Sir W. J. Hooskb, and the Rev. M. J. 

BKacKLEV. Bvo. 12s. 

MUSCOLOGIA BRITAKNICA. CONTAINING THE 

MOSSES OF GREAT BRITAIN AND IRELAND, systematiciUy arranged 
and desCTibed ; with Plates. By Sir W. J. Hookeb ; and T. Taylor, M.D. 
F.L.S, &c. 2d Edition, Svo. enlarged, 3Is. 6d. plain ; £i. 3b, coloured. 

ICONES PLANTARUM; OR, FIGURES, WITH BRIEF 

DESCRIPTIVE CHARACTERS AND REMARKS, OF NEW AND 
RARE PLANTS, selected from the Author's Herbarium. 2 vols. 8vo. with 
200 Plates, £2. Ifis. cloth lettered. 

Parts I. & 11. of a Continuation (forming Vol. 3, price 28i, cloth lettered). 

comprising 50 Hates and Descriptions, to be completed in 2 more Parts, I4g. each! 

•' NotbiuK can Ik more interesting to a man of science than the plauts represented in 

these volumes; nothing can be in bpltertmle or more faithful than the flguresi aid W 

is difficult to coocEive Eawan;f thing cau be cheaper.'* — ATHeKjtiUBi. 



PUBLISHED BY LOSOMAN, ORHS, AND C 



IXTRODTJCTION TO THE MODERN CLASSIFICA- 
TION OF INSECTS ; comprising an Account of the HabiU and TtanEforma- 
tions of the different Families -, a Synopsis of all the Britlah, and a Notice of 
the more remarkB.ble Foreign Genera. By J. O. Westwood, Sec. Eut. Soc. 
London, F.L.S. &c. 2 vols. Svo-illuatrated with above ISO Woodcuts, comprieing 
aboat Two Thousand Five Hundred distinct Fignrea, £i. la, doth, lettered. 

id judicious digest of rsre and extensive learniiii;, of elaborate and deep 



;s.s 



'— Entomolobiqa 






lected Bi 



a masBof inranna- 



A MANUAL OF BRITISH COLEOPTERA; OR, 

BEETLES; containing a Deacription of oil the Species of Beetles hitherto 
Bsoertained to inhabit Great Britain and Ircluud, &c. With a Com|dete Indei 
of the Genera. By J. F. Stuphknh, Esq. F.L.S. Author of " Illustrations of 
British Entomology." 1 vol. post 8vo. 14b. cloth lettei-cd. 



DR. TURTON'S MANUAL OF THE LAND AND 

FRESH-WATER SHELLS OF THE BRITISH ISLANDS. A New 
Edition, thoroughly revised, and nith considerable Additions. By John 
Edward Gray, Esq. of the Britlah Museum. 1 vol. post Svo. with Woodcuts 
and Twelve coloured Plates, 15s. doth lettered. 

onbtedty contaliiB the mist cooiplete 



aflhesnlyecl 



: appeared."— London 



COireERSATIONS ON MraEBAIOOY. 3d Edii. .^^ 

with 12 Plates, engraved by Mr. and Miss Lowrj, 2 vols. 12mo. Ub. cloth. 
" Tbe plan or these Conver»lion9 is happily conceived, aud it ia eiecnted witb sliilitT 



BOOK OF NATURE : A POPULAR ILLUSTRATION 

OF THE GENERAL LAWS AND PHENOMENA OP CREATION. 
By John Mason Good, M.D. F.R.S. 3d Edit. 3 vols. fcp. 8vo, 34a. 
" The best philosophical di^Bt o( Ibe kind wUicb we have aeen."— Month i.y Rev. 



TAXIDERMY; OR, THE ART OF COLLECTING AND 

PREPARING OBJECTS OF NATURAL HISTORY. 1th Edition, 12mo. 



Flati 



, 7s. 6d. 



ESSAYS ON NATURAL HISTORY. By cras. wa: 

Esq. of Walton Hall, Author of " WaDderinga in South America." 3d Edition, 
with ■ TiBW of Walton Hall, and an Autobiography of the Author, 1 vol. 
fcp. avo. Ba. cloth lettered. 

•' His style is remarkably clear. II ia pure. clBganl, and emphslic. There in a vein of 
rheerrulnesB aod hajniinesB of disposition which keeps the reader in good spirits through 
the varied scenes of the narrative: there is a fellow teelinE for anlmaled nature, which is 
very Tnteresting- and even alTccttng.—an cathusiism wbicb eoUvena, but never misleads 
him."— Dob I. IB Review. 

CONVERSATIONS ON BOTANY, sih Edit. „d^d. is™. 

with 32 Engravings, 7s. 6d. plain) 12b. coloured. 



n 



NEW WORKS AND NEW EDITIONS 



AN INTRODUCTION TO GEOLOGY ; INTENDED TO 

CONVEY A PRACTICAL KNOWLEDGE OP THE SCIENCE, and 
compriaing tho most important recent Discoveries : with Eiplanationg of the 
Facia nnd Pbraomeaa which serve to toatirm or i^TnlidBte mrioait Geologies! 
Theoriea. By Robert BakkweLl. 8vo. 5th Edit, considerably enlarged from 
the 4th Edition, uid with new Section! and Cuts, One Gninia, cloth lettered. 
" A work coBiipicuoui torittr»et[vene»s, tor peraricuily.fcjr a itjlejfnenlly vtgorooB 
I— ofien elemnt anil beautiful — md tor an indepeodenre of spirit wtaicb 



' elemcDlary Treatise on 



carrlei tlie au 
G"l<i!5y-"— At 

REPORT ON THE GEOLOGY OF CORNWAIL, DEVON, ' 

AND WEST SOMERSET, by order of the Lords Commisaionera of Her 
Majesty's Treasorj. By HeNRV T. Db la Bkche, P.H.S. SiC. Director oftha 
Ordnance Geological Survey. I vol. Bvo. with numerous Sections and Plans, 
I4i. cioth lettered. 

AN ETYMOLOGICAL & EXPLANATORY DICTIONARY 

of the TERMS and LANGUAGE of GEOLOGY, with esppcial regard to Asso- 
ciation j containing also many Terms of Mineralogy and Science. By Gedbob 
HoBBBTB, Anthor of " The History of Ljmo Eegis." Fcp. 6s, cloth lettered. 
" A very much needn!. a very awful, and a very eicelleTitly plannedand eiecnted little 

A great obJiF^tion on geology by (irwlucing the present vol 



ti baa conferriMl 



THE PICTORIAL FLORA ; OR, BRITISH BOTANY 

DELINEATED in 1500 Uthograpbic Drawings of all the Species of Flowering 
Plants indigenous to Great Britain, UlnstratiDg the Descriptive Worics of Sir James 
Smith, Uouker, Lindlej, Htc. By Mtss Jackson. 8vo. 15e. cloth. 



Es SIR JAMES EDWARD SMITH, M.D. F.R.S. 

THE ENGLISH FLORA, g -">-■ s^o. £i. las. hoards. 

Contests: — Vols. I. to IV. the Flowerinq Pla-vts and the FEapis, price 
£2. Es. bde. 

Vol, V. Part 1, 12a. — Cbtptooamia ; compriBing the Mosses, Hepatic^, 
Lichens, Characeie, and Alga;, fly Sir W. J. Hookek. 

Vol. V. Purt 2, 12fl,— The Fungi— completing the worV, by Sir W, J. 
HooKRH, and the Rev. M. J. Berkeley, F.L.S. Stc. 

COMPENDIUM OF THE ENGLISH FLORA. 2dEditi<»,. 

with Additiona and Corrections. By SirW. J. Hooker. 12mo. ?s. fid. 

THE SAME IN LATIN, sih Edition. i2mo. ?>. ea. 
INTRODUCTION TO THE STUDY OF PHYSIOLOGICAL 

AND SYSTEMATICAL BOTANY. New Edition, with lUnstrationB of th« 
Natnrai Orders (combining the obJBBt of Sir J. Smith's " Grammar" with tlwt 
of his " Introduction.") By Sir W. J. HaoEsn. Bro. 36 Plates, IGs. cloth. 



PUBLISHED BY LONGMAN, ORMB, AND CO. 9 

B>j JOHN LINDLEY, Ph.D. F.R.S. L.S. ^c. 

THE THEORY OF HORTICULTURE ; OR, AN Expo- 
sition OF THE PHYSIOLOGICAL PRINCIPLES ON WHICH THE 
OPERATIONS OF GARDENING ARE CONDUCTED. 1 vol. 8vo, with 
tiBtionB on Wuod, 12s. olutli leUered. 



■■'WelisTebeen led into tiiii train of reHecIion b;tbc intereat whicb unco 

oiuly »lolf over ns in the perusal of Dr. Lindley's deLigbtfuWolume. To ullnboile 
in BitBnlen,Dt. LindLey'a volume will yield not onLyinstnicKon, hut endless siuuaer 
I'liougb profeasedly scientibc in it3 ernpe, its illnttrative facts are mostly of an ord 



SCHOOL BOTANY; OR, AN EXPLANATION OE THE 

CHARACTERS AND DIFFERENCES OP THE PRINCIPAL NATURAL 
CLASSES AND ORDERS OF PLANTS, belonging to the Flora of Europe. 



e of the Student 
e Univcrflity of London. 
Woodcata, 6a. cloth lettered. 

tndy botany with lealj *nd Is 



and si. 






.1.GAZ. 



in the Botanical Classiiir 
preparing for theirMj 
1 volame, Top. Svo. with upwards of 
" A capital inlrodncMry work for an wl; 
only adorned, bnl illiulrated, by a bundre 

INTRODUCTION TO BOTANY. 2d Edition, »ilh Crreotions 
and caaiidenble Additions, 1 large vol. Svo. aumerous Plates and Woodcuts, 18s. 

"We have no hesitation in pnmouncing (bis ' Introriuction to Botany' to be the moat 
valuable and perfect in an} UnguBze we nre acquainted wllta,"— Medical Gazsttb. 

'■ The mnat valuBble work of Ibe kind in our laiiguai-e," 



A NATURAL SYSTEM OF BOTAHY; 

or, a SyBtemntic View of the Organization, Natural Affinities, and Geo- 
graphical Distribation of the whole Vegetable Kingdom : together with the Uses 
of the most important Species in Medicine, the Arts, &c. 2d Edition, with 
numerous Additions and Corrections, and a complete IJSt of Genera, with 
their Synonyms, I vol. Bvo. 18s. cloth. 

SYNOPSIS OF THE BRITISH FLORA, ARRANGED 

ACCORDING TO THE NATURAL ORDERS. 2d Edition, with numerous 
Additions, Corrections, and Improvements, l2mo. 10s. 6d. boards, 

A KEY TO STRUCTURAL, PHYSIOLOGICAL, AND 

SYSTEM.ITIC BOTANY. For the Use of CIbmcs. Bio. with list of Medi- 
cinal Plants, 5s. 

FLORA MEDICA ; OR, A BOTANICAL ACCOUNT OF 

ALL THE MOST REMARKABLE PL.ANTS APPLIED TO MEDICAL 
PRACTICE in Great Britainandotlier Couutrica. 1 vol. Svo. 18s. elothletfd. 

FIRST PRINCIPLES OF HORTICULTURE. 3s.«ewed. 
GUIDE TO THE ORCHARD & KITCHEN GARDEN. 

Edited bf J. Lindley, Ph.D. F.R.S. &c. 
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NEW WORKS AND NEW liDITIONS 

3 Merits ot l3^cttonari>st ants €nt^tlopttiia&, 

" A Strict of EncjwbfwdtoaJ Vo\irmn, vAenin a. gnml fuattllf vf trtfarmmHlHt It 

r^trmee. . Shc* a Siriti itill, uAn cBiapliiriL /am a valuatli IMrmry i^ rraiHlctl 
KmwMgr. Tie tptelmaa wt imt alrividii tesn of liat Mirki, are iisll a io grtal errM 
to the fmHthen ti!hafiirmt4^deflgi^ an Iff thiAittJtBrM mAa /imvfBtecuUdtiiraapwtlte 
ititUlaiH. Loudon's EncyclopKdia o( AEricultnre Aai khd liii'i pratfiff fit ealtuii a 
IMrd eiillon ; Ail Bnryclopnita of Qanlniinf ittabe usn apex n IIU tatle af eotrg ■dM' 
t^ QatiienrTt intdofeBeTjimtm tehavatufii kit garden, fiffm tnu md qf Ihu prrdtn-anervd 
MaaJ la tie athei — fram Ikn rrgiatt af (Ac knatk Is ciat iff Ike na/rtle. M'Cdllodh's 
DictiaiuirT of Commerce ud Commerclnl Navijcition it liiiefimHiin Ihi lUnrf c^mmUp 

af tin Mrrciial and Ikt nan if genentt lufannatim Tkfan ai a wkale. aadjvigng h^ 

Iki tpreimau alrraia pvUlikei, ih eaaubbr tkU Stiiu qf Warkt le it one of lAe moat 
valaatle praiimd f>ir nvnn ftari. Koiu em WHCcf h, mka hace nal icUiiruei Ihna, tAe 

artaieiirrifftktarle¥ttafknaKlfttge,ofretiilin^,a ' ' ' '" '-"--■■ "--'- — — ■-= ._ 




A DICTIONARY, PRACTICAL, THEORETICAL, AND 

HISTORICAL. OF COMMERCE AND COMMERCIAL NAVIGATION. 

Illiistrateil with Maps and Plans. By J. R. M'Culloch, Esq. New Edition, 
with a new and enlarged Supplement, to January 1840, contaioitig upnardH of 
1350 doselr-priated pages, £2. Ids. half-biiuiid in Tellom. 

SuppLKUENr, separatelj, with Two valuable Maps, Ba. 

AN ENCYCLOPilDIA OF RURAL SPORTS ; 

complete Aceonnt, matoriual. Practical, and OescHptive, of Hunting, 

'~ Fiahing, Racing, luid other Field Sports and Athletic Amuaementii 

mt day. By Delabere F. Blaine, Eaq. Aathorof " Outlines ot 

iryArt," Bw. B«o. with nearly 601) beoutifully-eiecuted Engravinga 

I, £2. lOs. handsomely bound in faucy cloth, lettered. 

A DICTIONARY OP ARTS, MANUFACTURES, AND 

"■'"" containing a clear Eipoaition of their Principles and Practice. 

;w Ube, M.D. F.R.S, &c. New Edit. Bvo. containing IS^a claBely. 

printed pages, with 1241 Engravinga on Wood, £2. 10a. strongly bound in oloth. 

ESCTCLOP*DIA OF GEOGRAPHY: . ™,hi. 

Deiu:ription of the Earth ; ite Relation to the Heavenly Bodies, its Physical 
Structure, its Natural Hialory, and the Indiifitry, Commerce, Political Institutiong, 
8ic. of al) Nations. By Hush MuasAT, F.R.S.E- With 83 Ma|)8, drawn by 
Sidney Hall; and upwards of lOOO other WoDd-Eogravings. New Edition, cor- 
rected to 1840, in an Sio. volume of upwarda of laOO pagoa, £i, cloth, lettered. 
S* Titles are given to bind the work In Tko V'olumo, if required. 

AN ENCYCLOPEDIA OF PLANTS; 

iadadjng all the Plants in Great Britain, giving their Natural History, ivich sucb 
des<niptiona, eogiaved figures, and elementary details, as may enable a beginner 
to discover the nims of every Plant he tnay find in flower, and acquire all infor- 
mation respecting it. By J. C. Ldddon, P.L.S. &c. The Sjieeific Characters 
by an eminent Bolaniati the DiawuigB by J. D. C. Sowerby, F.L.S. Nearly 
10,000 Wood-Engravinga. 2d Edit, corrected, Bvo. £3. I3s. Kd. bf.-bd. vellum. 
By the aome Author, 

AN ENCYCLOPEDIA OF GARDENING; 

presenting the History and Present State of Gardening in all Countries, aiid its 
Theory and Practice in Great Britain ; also, the Management of the Kitchen and 
Flower Garden, Laying out Grounda, &c. 8lc. New Edition, improved, witb 
nearly 1000 Engravings ou Wood, I vol. 8vo. £2. IDs. doth lettered. 



PUBLISHED BY LONGMAN, OKME, AND CO. 11 

AN ENCYCLOPJIDIA OF AaRICULTrRE ; 

comprising its MieCorf ill all CouDtriea, the FriQci|>lea on which Agricultnra! 
Operations dejiend, and their Application to Great Britiun and similar Climates. 
By J. C. LounOK, F.L.S. Sec. Withnearly 1300 Wood EogravingB, 1 large vol. 
8vo. 3d Edition, £2. 10s. clotb lettered. 



HORTUS BRITANNICUS : A CATALOGUE OF ALL 

THE PLANTS INDIGENOUS TO OR INTRODUCED INTO BRITAIN. 

New Edition, «ith a Nen Supplement containing bD the New Plants introdo<^ 
into Bribdn, np to March IB3!). Prepared under the direction of J. C. Loudon, 
by W, H. Baitkb; and reriaed hy GeobOk Don, F.L.S. 8to. ±1. Ua. 6d. 
datb lettered. — Suffleuent separately. Bs. 



CfKOloffp, jTamttp iieliffiousf -ReaJifnff, &t. 



THE DOCTRINE OF TEE DELUGE ; VINDICATING 

the SCRIPITURAL ACCOUNT from the DOUBTS which have bceo recently 
ca»t upon it by recent GEOLOGICAL SPECULATIONS. By the Rev, 



s Vebnon Hahcoubt. 2 vi 



1. 36s. cloth lettered. 



THE SACRED HISTORY OF THE WORLD, 

phLloaophicallf considered, in a Series of Letters to a Son. fly Sharon Thhnkr, 
Esq. F.S.A. and R.A.S.L. New Edition, 3 vols. 8vo. £2, 2a. bda. 



TEE SUNDAY LIBRARY: A SELECTION OF 

SERMONS FROM EMINENT DIVINES OF THE CHURCH OF 
ENGLAND, chiefly within the last Half Century. With Notes, &c. by the 
Rev. T. F. DiBDiN, D.D. (J vols. fcp. Bvo. with Portraits, 30b. cloth. 



PRINCIPLES OF CHRISTIAN PHILOSOPHY; 

containing the Doctrines, Duties, Admonitions, and Consolations of the CIiristiBn 
Religion. By John ButtNs, M.D. &c. 5th Edition, 12aio. 7s. bds. 



LETTERS FROM AN ABSENT GODFATHER; 

or, a Campendium of Religious Instmction for Young Persons. By the Rev. 
J.E.RiDULE, M.A. Author ot " First Sundays at Church," &c. Fcp. Bvo. Us. cl. 



ORIENTAL CUSTOMS APPLIED TO THE ILLUS- 

TRATION of the SACRED SCRIPTURES. By Samuel Bdbdbb, A.M. 
&c. New Edition, fcp. 8vo. 8s. Gd. cloth lettered. 



DISCOURSES ON THE PRINCIPAL POINTS OF 

THE SOCINIAN CONTROVERSY— The Unity ot the God, and the Trinity 
of PersooB in the Godhead I the Supreme Divinity of Jesus Christ; the Doctrine 
of Atonement; on the Christian Character, &c. By Balph Waoslaw, D.D. 
5th Edition, Sro. ISs. cloth lettered. 



?rew WORKS JIXD !IBW EPtTIONs 



portrp— ^rratiht an* Sraraah'r. 

PEOORE'S POmCUTORKS.-FiRFT coMPiEre edit. 

tone of publication, in Ten MobiUt Ti Iiimiii Tm ^a^ 1. 



MOORE'S LALLV ROOKH : an oriental roiuncx. 

N'n Edition, in one toIbidp. nnil gio. illastnted with TUttcai kigUj-finArd 
Eofrarinf*, executed ander the raprnatendaicc of Mr. Oai^ Ueat^ bvm 
dengn* by StephuwlC, VraSomt. E. Coriionld. and Him Coitau. In *^~- j 
r'iothf lettered, irilh onumental gilding, One Gtiinea ; or witb India Proof Plato. 
Tvo Gnineu. 

AlfO, in fcp. 810. sidi 1 Eagrtxiagf, from Panlingi bjr WdtaH, 10«- 6d. doth. 
Bf the nine AUbm, 

IRISH MELODIES: WITH AS APPENDIX, 

natnoing the Original Adiertiiements, md the PniMlorf Letter oa Mnac. 
I, Up. 8vo. nith engrwed Tnle and Vignette, lUs. clolji lettocd. 



THE POETICAL WORKS OF ROBT. SOUTHEY, Esq. 

Collected by HiHdrLr. 10 voU. fcp. Svo. vilb Portrait, Frantispieces, and 
Vignette«, £2. 10a. cloth lettered. 

*,* Tbii Edition, chich the Aatbor biu uranged ind miwd vrith tbe same 
care ai if il were intended for ponhmnons pnljlicacion, iaclades many pieces 
whicb dther bave nerer before been colleeleil. or bate liidierto remained on- 
publitbed. Prelimiaarj notices are affixed to the long poema, — tbe whole or the 
notes retained, — and sach idditiaoal onen incorporated as Ilie Author, since the 
fir« publication, has eeeo occaiion to insert. The FrontiBpiece* and Vlgnettca 
connft of news appropriate to the respectire YOlame£, 



THE POETICAL WORKS OF LETITIA ELIZABETH 

LANDON (the late Mrs. Maclean). New Edition, i vols. fcp. Hvo, with 
Portrait by M'Clise, and* other lUmtratioiii. by Uoward, &c, 2Bs. cloth lettered. 



JAMES MONTGOMERY'S POETICAl WORKS. 

A complete collected Edition, coinprieing "The Wanderer of Switzerland," 
"The Wert lodiea." "WoiW before the Flood," "Greenland.'' "Pelican 
Island." "Songs of Zion." "Poet's Portfolio," and all big smaller Poena. 
3 vola. fuolicap, I81. cloth lettered. 

" Wr haveionswisheil toseean 
dlntifl^ahed Clirlstlan poet hIid iu: 



FAMILY SIIAKSPEARE ; i» "Wth -m^ u m«i ta a. 

Original Text, but tboite words and cipressionB are omitted nbich cannot nith 
propriety be read aloud in a Family. By T, Bowblbr, Esq. F.R.S. New Edit. 
1 large vol. Svo. with 3C lUnstratioDS, after Smirke, Howard, tea. 30s. cloth ■ 
iriUi gilt edges, 31*. 6d.; or in large type, without illustrationi, 8 vola. 
£i. 14i. Gd. bda. 



PUBLISHED BY I.ONfiMAN, OBME, AND CO. 



TWO VOI.UMES FOR THE DOMESTIC CIRCLE. 

SELECT WORKS OF THE BRITISH POETS, FROM 

BEN JONSON TO BEATTIE. Willi Biographical and Cridod Prefaces, 
by Dr. Aiein. 1 vol. Bvo. 18s. di>th ; or neatly done up, gilt edges, ZOs. 

SELECT WORKS OF THE BRITISH POETS, FROM 

CHAUCER to WITHERS. Witli Biographical Skettbes, by R. Southet, LL.D, 
1 voi. 8vo. uniform with the ahoie, 50s, cloth; or with gilt edges, 31b. 6d. 



THE MORAL OF FIOWERS. 3d Eaiao., «,,j s... «iu Z4 

beautifully-coloured Platea, 30a. holf-bouad. 

" Fall of cxciulsite poBtry."— Blackwood's Mhqazise. 
Dy the same Anthor, 

THE SPIRIT OF THE WOODS, i voi. myai evo. v>m 2a 

beautifuUy-colouced EagraTiiigs, 36*. half-bouud. 

JOANSA BAILLIE'S POEMS, Sc- 

New DaAUAS, 3 yoIb. 8vq. 36a. — A Series of Plays, in which it is attempted 
to delineate the stronger Paaaiona of the Mind, 3 yola. Svo. £l. lis. 6J.— 
a Plats, Bvo. 99.— Metbical Lede(id9, 8Ya. Us. 



t^fOffrapdp, popular iato anil ^n'cnce, Set, 
NEW GENERAL ATLAS OF FIFTY-THREE MAPS, 

ON ColombierPafeh; with theDiviaioua and Iloundariea cardiillyCOLODitED. 
Constructed entirely from New Drawings, and engraved by SiDNtr Hall. 
New Edition, thoroughly revised and corrected ta 1810, including all the altera- 
tioi|E rendered necessary by the recent Ofltctal Surreya, and a carefal Comparison 
with the authenticatad Diacoveriea published in the latest Voyages and Travels. 
Folded in half, hiilf-bound in russla, £9. 9s. ; full size, half bound, if 10. 

□ Asia, 



ALPHABETICAL INDEX OF THE NAJIES Con- 
tained IN THE ABOVE ATLAS, with Rafereni.i:s to the Number of the 
Maps, and to the Latitude and Longitude in wluch the Places are to be found. 
Royal 8vo. 21s. cloth. 

TREATISE ON THE STEAM ENGINE ; mSTORICAL, 

PRACTICAL, AND DESCRIPTIVE. By John Fakkv, Engineer. 4tu. 
illustrated by numerons Woodcuts, and 25 CopperpIateB. engnived by Wilson 
Lowrj,fruni Drawings by Messrs. Farey, ^5. 63. lids.— Vol. II. is in the press, 

ILLUSTRATIONS OF PRACTICAL MECHANICS. 

By the Rev. H. Moselky, M.A,. Professor of Natural Philosophy aud Astronomy 
in King's College, London; being the First Volume of Illustrations of Science 
by tbe Professors oTKinj's College. 1 vol. fcp. Svo. with numeroua Woodcuts, 
8s, cloth lettered. 
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KEW WORKS AND NEW EDITIONS 



^n 



A TREATISE ON ROADS : WHEREIN THE 

PRINCIPLES ON WHICH ROADS SHOULD BE MADE ARE 
EXPLAINED AND ILLUSTRATED, bj- the Plans, Spedficadong. and 
Cuutracta, made lae of by Tbos. Telford, Ebi|. on tbe HolfheBii Road. B; the 
Higbt Hon. Sir Henry Pahnell, Bart. Han. Mem. Inst. Cie. Engiii. Lond. 
2d Edit, greatlj' enlarged, Hitb y large Plates (2 of vhicti are new) ,31a. cloth lett. 

PRACTICAL TREATISE ON RAILROADS AND 

INTERIOR COMMUNICATION IN GENERAL. Cont^ning the Perfor- 
manceE of the improved Locotaodve Engines : with Tables of the Compsratire 
Cost of Conveyance on CanaU, RaUwaya, and Turnpike Roads. By NiCHOtAS 
Wood, Colliery Viewer, Mem. Inst. Civ. Engin. JW. 3d Edition, very greatly 
enlarged, with 15 large Plates (several of which are new, and the rest have beea 
re-drawn and rc-engraved) and several nen Woodcuts, price 31s. Gd. cloth. 

A POPULAR LAW DICTIONARY, EAMILIARLY 

EXPLAINING THE TERMS AND NATURE OF ENGLISH LAW ; 
adapted to the comprehension of Persons not educated for the Legal ProfesBion. 
By TaoMAB Edlynb Tomlins, Attorney. Bvo. IBs. cbth. 

PLAIN DIRECTIONS FOR MAKING WILLS 

in contbnnity with the Nbw Act, which came into operation on the 1st January. 
By J. C. HnnsoN. of tbe Legacy-Duty Office, London. lUth Edit, corrected, 
fop. Svo. price Batf-a-Crowu, neatly done np in cloth, gilt edges. 
Dy (lie Hm« Author, 

THE EXECUTOR'S GUIDE, ad Edit. fcp. ss. doth, gUt edge>. 

*,* The above two works may be had bound together in one volnme, 
7a, cloth lettered. 

A PRACTICAL TREATISE ON BILLS OF EXCHANGE, 

particularly as relating to the Customs of Merchants ; with the French Code 
rekting to Bills of Exchange. By F. Hohlek, Jun. Attomey-at-Law ; Anthor 
of " Familiar Eierciaea between an Attorney and hia Articled Clerk." Pep. 
Bvo. Bb. cloth lettered. 

STEEL'S SHIP-MASTER'S ASSISTANT, & OWNER'S 

MANUAL i containing General and Legal Information neceaiary for Owners 
and Masters of Sbipa, Ship.Brokera, Pilots, and other persona connected with the 
Merchant Service. New Edition, by J. Stikbuan, Secretary to the East India. 
and China Association. With Tables of Weights, Measures, Monies, (tc, by 
Dr. Kkllt. 1 large and closely-printed vol. 31s. bda. ; 22s. 6d. bd. 

A HISTORY OF PRICES, WITH REFERENCE TO 

THE CAUSES OF THEIR PRINCIPAL VARIATIONS, FROM 1792 
TO THE PRESENT TIME. Preceded by a Sketch of the History of the 
Corn TaAOE in the laat Two Centuries. By Tho.mas Tooke, Esq. F.R.S. 
ZvoU. Svo. £1. 16s. doth lettered. 

A CONTINUATION OF THE ABOVE, BEING 
AN ACCOUNT OP PRICES AND OF THE STATE OF THE 
CIRCULATION IN 1838 AND 1B39 ; with RemarkB on the Com Laws, 
and on some of the proposed Alterationa in our Banking System. Svo. I2s, 



PUBLISHED By LONGMAN, OUME, AND CO. 



^twrtuiB, Callt-Bcwiis, &c. 

INSTRTICTIORS TO YOUNG SPORTSMEN. 

By Liont.-Col. P. Hawker. Stli Edition, greatly enlarged onil thorouglilj 
revised, with new Cuts of Heuib of Wild and Tame Swans, all hia laat new 
Coast Gear, with many other original aubjeota, and containing altogether 60 
Plates and Woodonta, 1 irol. 8vo. 21a. doth lettered. 



THE GTJN ; OR, A TREATISE ON THE NATURE, 

PRINXIPLE, and MANUFACTURE of the VARIOUS DESCRIPTIONS 
of SMALL FIRE-ARMS, By William Gbeeneh. I vol Bvo. Pktea, I5a. 



THE BOOK OF ARCHERY. By g. a. haksaw., E>q. 

Gwent Bowman. 1 vol. medium Svo. embellished wicli 15 highly-finished Line 
Engrnvings, and upwanig of 70 other Engravings iUustr&tive of the History and 
Use of the Bow in all Coontiitis. from the earliest ages to the preaent time, 
31s. Bd. fancy cloth lettered; with India proof Plates, i3. 3s. boundio morocco. 



HINTS TO MOTHERS FOR THE MANAGEMENT OF 

HEALTH. By Thomas Boll, M.D. Physician -Accoucheur to the Fiii^^bury 

Midwifery Institution, Sic. 2d Edit, greatly enlarged, fcp. Bvo. 7b. cloth lett'd. 

"We cannot nrgc its value loo atrougly on aQ whom it CDticems."— Ecikctio Rkv. 



DOMESTIC DUTIES ; OR, INSTRUCTIONS TO YOUNG 

MARRIED LADIES on the Management of their Households, &c. &c. By 
Mrs. WiiLiAU PARKB9. 4th Edition, 12mo. 10a. 6d. doth lettered. 

" A perfect VAOE-JIECUM for lie rouag married lady."— New Monthly Mao. 



HINTS ON ETiaUETTE AND THE USAGES OF 

SOCIETY. By A7»7ifi. 20th Edition, with numerous Alterations and 
Additions, by a L\oi or Rank, Fcp. Svo. 2b. 6d. cloth lettered, giit edges. 



SHORT WHIST. By MaJOh a*****. To which are added, 
Precepts for Tyros, by Mrs. B*****. 6th Edit. fcp. 3b. cloth lett'd, gilt edgee. 

THE BIOGRAPHICAL TREASURY; 

Memoirs or Notices of about 12,000 Perflona, from the Earliest Period. By S, 

Maundeb. 2d Edit, with Addenda, fcp. Svo. 8b. Sd. cl. ; 10s. 6d. roan, gilt. 

By the sama Author, 

THE TREASURY OF KNOWLEDGE AND LIBRARY 

OF REFERENCE ; conBisliiig of an English Dictionary, Grammar, Tables of 
Verbal Distinctions, with E;iaaipies, &c. a Gazetteer, a Classical Dictionary, a 
Compendium of Chronology and History, a Law Dictionary, &c. Surrounded 
by Maxima and Proverbs. lOtbEit. fcp. Svo. 8s. 6d. cloth; lOa. 6d. roan, gilt. 

THE SCIENTIFIC AND LITERARY TREASURY; 

B New and Popular Dictioiiery of the Belles-Lettres ; embramng every subject 
of interest alluded tu by Ancient Authors ; together with the latest Discoveries and 
Inventione. The whole treated in a familiar style, and every page of the work 
surrounded by facts, maiimB, or remarks, illustrative of the fact. Fcp. Svo. 7b. cl. 
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Ifl NEW WORKS POBlISHEn BY LONGMAN, ORHE, AUD CO. 

^flD Works for lEoIItsts anS Srljools. 

AH ENGMSH-GIIEEK & BREEK-ESBIISH LEXICON, 

'or the Use of Colleges and ScbonI* ; to which ia prefixed, b ihort Gnunmsr 
of the Greek LangiiBge. Bf the Rev. J. A. Giles, LL.D. late Fellow ot C. C. 
College, Oilord ; biiiI late Head Master of the City of Loudon School. 8vo. 21e. 

"Thli liawoitiiycfiinpinion to Riildle'i Lalln Diciioniir^ 
tion Ofceuary lo ■ itoileiil—iiiul, wbii i> of equil imixirlai 



rleveloplns Ibu ilnirturc anil cumniBilfDn of theOnwk la_^ 

" ' the older Leiieona, and eapecWIy Ih 

far aa they con be discovered wi 



ikh diafligiriyl the i^der Leiieona, and eapeciall^ that 
certainty. "~ At Huijivii. 



A GREEK AND ENGLISH LEXICON TO THE NEW 

TESTAMENT; eapecUdly designed tor CoUegea and Schoolj, but also adapted 
to the Use of SCudenU in Divinitf and Theological Senders in General. Bj 
Rev. S. T. Blouhfiei-D, D.D. F.S.A. of Sidney College, Cambridge i Editor 
of " The Greek Testament, with Engliah Notes," &c. 1 vol. ftp. »vo. 9b. cloth. 
Also, pdiled l)y Dr. Hloohfibld, 

THE GREEK TESTAMENT; WITH COPIOUS 

ENGLISH NOTES, Criticd, Philological, and EipUnatory, 3d Edit. grenlJy 
enlarged and very considerably improved, in 3 vols. 8yo. with Map of Palestjoe, 
£2, cloth lettered. 

COLLEGE AND SCHOOL GREEK TESTAMENT, 

with ENGLISH NOTES. 2d Edit, with AdditionE, and new Map of PaleBtine, 
adapted to the Gospel History, 1 thick vol. 12ino. price 10s. 6d. cloth lettered. 



THE NEW ETON GREEK GRAMMAR; 

or, the Eton Greek Grammar in English ; in which the Syntax and Prosody are 
translated in parallel columna, aod the Analogy of the Gkkek and Latin 
Lakuuages is expiained. With many important Additions to ll;e Tent, and 
Philosophicja as weU as Practical Nctcs. By Clement Moodv, Magdalene H«U, 
Oxford ; Editor of the New Eton Latia Grannnar. 12mo. price 4s. cloth. 

A COMPLETE LATIN-ENGLISH DICTIONARY. 

By the Rev. J. E. Ridule, M.A. 1 very thiuk vol. 8vo. 21s. cloth lett^ed. 
By the Mine AnlUor, 

A COMPLETE Ei\fiLiSn-LAT!N DICTIONARY. Svo. i0a.6d.doth. 

•»• The above may be liad bound together in one volume. 

ABRIDGMENT OF MR. RIDDLE'S LATIN -ENGLISH 

indENGLlSH-LATiN DICTIONARY, for Schools. 1 2s. bound. 

%* The Eno.-Latin, 5s. 6d. and Latin-Emq. 7s. may be had aepnratdj, 
" Kiddle's CoinpletB DlcUonary is the liest of its kind in our loDpiatre, and we r^oiM 
tohearChat incur principal schools ilia fast aupenediuE all othera. The AbricliFmeDt ia m 
cu'cful condenialion of the origin al."- At h r.sauK. 

hy its clear expoiiition of (he primary innnie^ of words, IL leadalbe student lOEhevecoiu 
dary aiid melaphDrical one* with adtninble judEmcnt and good taste. 1 cooMderituft 



i. Longman & Co. 'a " School Catalogue" may be had gratii (M 
all Boohsellera in Town and Country. 




